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PREFACE 


Ultrasound remains one of the most frequently used and valuable modalities for imaging 
and guiding interventional procedures. The number of ultrasound examinations carried out 
world-wide continues to increase and the global sales of ultrasound equipment, both new 
and refurbished, is increasing at some 3-5% each year. The flexibility, ease of use, range of appli¬ 
cations and relatively low cost of the equipment make ultrasound an important investigative 
imaging tool. 

The first and second editions of this book, edited by David Cosgrove, Keith Dewbury, Hylton 
Meire and Pat Farrant, were a great success, providing information and advice across the full 
range of diagnostic ultrasound. They were essential reading for those training in ultrasound and 
a source of information for many sonographers and sonologists across the world. 

Techniques, hardware and data processing have all evolved and progressed at a rapid rate since 
the second edition of this book was published in 2001. As a result of these developments, ultra¬ 
sound equipment is now available in more sizes, specifications and complexity than ever before 
and this has enabled many different types of clinician to use ultrasound in particular niche areas, 
in addition to the more general imaging function that it has always provided. 

The chapters in the two volumes of this book cover all aspects of general ultrasound, as well 
as more specialised areas such as peripheral vascular and ophthalmic ultrasound. Some areas, 
such as musculoskeletal ultrasound, have developed into major applications of ultrasound and 
this is now essential to the management of patients with a wide variety of muscle and joint 
disorders. There has therefore been a significant enhancement of the coverage of these areas in 
this new edition. 

Conversely, detailed fetal and maternal obstetric scanning in the mid and final trimesters has 
followed cardiac echography into a separate sphere of expertise. There are many excellent text 
books dealing with these aspects, therefore, the editors felt that a comprehensive review of obstet¬ 
ric scanning was best left to these volumes. However, first trimester problems will still be seen 
by sonographers undertaking general scanning so an account of these is included in this book. 

The potential applications of echo enhancing agents, or microbubbles, have developed and 
changed significantly since the publication of the second edition of this book. Originally developed 
to rescue inadequate Doppler examinations, interesting properties of these agents have led to 
potential uses delivering drugs and genes. 

The editors of the third edition of Clinical Ultrasound are extremely grateful to the many 
experts in their particular fields of ultrasound who have contributed the authoritative, compre¬ 
hensive and informative chapters that make up this book. In particular, our thanks go to Ian 
Beggs, David Pilling and Norman McDicken, who were responsible for coordinating the musculo¬ 
skeletal, paediatric and physics sections of the book. We are also very grateful to Michael Houston, 
Ben Davie and all the other staff at Elsevier who have worked on the many aspects of publication 
between the first outline discussions and the final published product. 

Paul Allan 
Grant Baxter 
Michael Weston 
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In this chapter the physics of medical ultrasound will be discussed 
at an introductory level for users of the technology Several texts 
exist which readers can consult to deepen their understanding. 1-5 
Discussed later in this chapter are parameters related to ultrasound 
in tissue such as speed of ultrasound, attenuation and acoustic 
impedance. Values of these parameters for commonly encountered 
tissues and materials are quoted (for more values see Duck 6 and 
Hill et al. 7 ). The clinical user is not required to have a detailed 
knowledge of these values but some knowledge helps in the pro¬ 
duction and interpretation of ultrasound images and Doppler blood 
flow measurements. Basic physics is also of central importance in 
considerations of safety. 


PRODUCTION OF ULTRASOUND 


Ultrasound vibrations (or waves) are produced by a very small but 
rapid push-pull action of a probe (transducer) held against a mate¬ 
rial (medium) such as tissue. Virtually all types of vibration are 
referred to as acoustic, whereas those of too high a pitch for the 
human ear to detect are also called ultrasonic. Vibrations at rates of 
less than about 20000 push-pull cycles/s are audible sound, above 
this the term ultrasonic is employed. In medical ultrasound, vibra¬ 
tions in the range 20000 to 50000000 cycles/s are used. The term 
frequency is employed rather than rate of vibration and the unit 


hertz (Hz) rather than cycles/s. We therefore use frequencies in the 
range 20 kilohertz (20 kHz) to 50 megahertz (50 MHz). 

We most commonly encounter audible acoustic waves produced 
by the action of a vibrating source on air (vocal cords, loudspeaker, 
musical instruments, machinery). In medical ultrasound the source 
is a piezoelectric crystal, or several, mounted in a hand-held case 
and driven to vibrate by an applied fluctuating voltage. Conversely, 
when ultrasound waves strike a piezoelectric crystal causing it to 
vibrate, electrical voltages are generated across the crystal, hence 
the ultrasound is said to be detected. The hand-held devices con¬ 
taining piezoelectric crystals and probably some electronics are 
called transducers since they convert electrical to mechanical energy 
and vice versa. They are fragile and expensive, about the same price 
as a motor car. Transducers are discussed more fully in Chapter 2. 
The great majority of medical ultrasound machines generate short 
bursts or pulses of vibration, e.g. each three or four cycles in dura¬ 
tion; a few basic fetal heart or blood flow Doppler units transmit 
continuously. Figure 1.1 illustrates the generation of pulsed and 
continuous ultrasound. For a continuous wave an alternating (oscil¬ 
lating) voltage is applied continuously whereas for a pulsed wave 
it is applied for a short time. The basic data for most ultrasound 
techniques is obtained by detecting the echoes which are generated 
by reflection or scattering of the transmitted ultrasound at changes 
in tissue structure within the body. 

The push-pull action of the transducer causes regions of com¬ 
pression and rarefaction to pass out from the transducer face into 
the tissue. These regions have increased or decreased tissue density. 
A waveform can be drawn to represent these regions of increased 
and decreased pressure and we say that the transducer has gener¬ 
ated an ultrasound wave (Fig. 1.2). The distance between equivalent 
points on the waveform is called the wavelength and the maximum 
pressure fluctuation is the wave amplitude (Fig. 1.3). If ultrasound 
is generated by a transducer with a flat face, regions of equal com¬ 
pression or rarefaction will lie in planes as the vibration passes 
through the medium. Plane waves or wavefronts are said to have 
been generated. Similarly if the transducer face is convex or concave 
the wavefront will be convex or concave. The latter can be used to 
provide a focused region at a specified distance from the transducer 
face. In tissue if we could look closely at a particular point, we 
would see that the tissue is oscillating rapidly back and forward 
about its rest position. As noted above, the number of oscillations 
per second is the frequency of the wave. The speed with which the 
wave passes through the tissue is very high close to 1540 m/s for 
most soft tissue, i.e. several times the speed of most passenger jet 
planes. We will see in the discussion of imaging techniques that this 
is very important since it means that pulses can be transmitted and 
echoes collected very rapidly, enabling images to be built up in a 
fraction of a second. The speed of sound, c, is simply related to the 
frequency,/, and the wavelength, X, by the formula: 

c = fX 

In the acoustic waves just described the oscillations of the parti¬ 
cles of the medium are in the same direction as the wave travel. 
This type of wave is called a longitudinal wave or compressional 
wave since it gives rise to regions of increased and decreased 
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Figure 1.1 The generation of continuous and pulsed wave Figure 1.3 Ultrasound wavelength and wave amplitude. 

ultrasound by a vibrating source in contact with the propagating A: Continuous wave. B: Pulsed wave. 

medium. 
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Figure 1.2 The waveform description of ultrasound pressure 
fluctuations. A: Continuous wave. B: Pulsed wave. 


pressure. In another type of wave the oscillations are perpendicular 
to the direction of wave travel, like ripples on a pond, and they are 
called transverse or shear waves. At MHz frequencies the latter are 
attenuated rapidly in tissues and fluids and hence are not encoun¬ 
tered at present in diagnostic ultrasound. Ongoing developments 
at lower frequencies aim to utilise them in elastography (see later 
in this chapter). Transmitted energy, power and pressure amplitude 
are discussed more quantitatively in Chapter 4 on safety. 

The speed of ultrasound in soft tissue depends on its rigidity and 
density (Table 1.1), the more rigid a material, the higher the speed. 
From the table we can see that the speed in soft tissues is fairly 
closely clustered around an average value of 1540 m/s. Virtually 
all diagnostic instruments measure the time of echo return after the 
instant of pulsed ultrasound transmission and then use the speed 
in tissue to convert this time into the tissue depth of the reflecting 
structure. For a mixture of soft tissues along the pulse path, an 
accurate measure of depth is obtained by the assumption of an 


Table 1.1 Speed of ultrasound and acoustic impedance 

Acoustic impedance 


Material 

Speed (m/s) 

(g/cm 2 s) 

Water (20°C) 

1480 

1.48 x 10 ! 

Blood 

1570 

1.61 x 10 ! 

Bone 

3500 

7.80 x 10 ! 

Fat 

1450 

1.38 x 10 ! 

Liver 

1550 

1.65 x 10 ! 

Muscle 

1580 

1.70 x 10 ! 

Polythene 

2000 

1.84 x 10 ! 

Air 

330 

0.0004 x 10 ! 

Soft tissue 

1540 

1.63 x 10 ! 


(average) 


Basic ultrasound concepts 

• Ultrasound is high-frequency vibration that travels through tissue 
at high speed, close to 1540 m/s. 

• In medical ultrasound, the frequency range used is 1 to 50 MHz. 

• Ultrasound vibration travels as a pressure waveform. 

• Ultrasound can be generated and detected by piezoelectric 
crystals contained in small hand-held transducers. 

• Echoes produced by transmitted ultrasound pulses at tissue 
interfaces are the basic source of information in diagnostic 
ultrasound. 


average speed of 1540 m/s for conversion of time into depth. The 
high speed in bone can cause severe problems as will be seen later 
when refraction of the ultrasound is considered. Unless bone is thin 
it is best avoided during ultrasound examinations. The speed of 
ultrasound in soft tissue is independent of frequency over the diag¬ 
nostic range, i.e. 1 to 50 MHz. The very high value of the speed of 
sound in tissue means that echo data can be collected very rapidly; 
e.g. for a particular beam direction echoes might be collected in less 
than 0.2 millisecond. This rapid collection could allow a single 
image (frame) to be produced in 20 milliseconds. In a later section 
it will be seen that the speed of sound in blood is also used in the 
Doppler equation when the velocity of blood is calculated. 






















Diffraction and interference 
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Figure 1.4 Intensity at a point - rate of flow of energy through 
unit area in an ultrasound beam. Power - rate of flow of energy 
through whole cross-section of ultrasound beam. 


INTENSITY AND POWER 


When a transducer is excited by an electrical voltage, vibrations 
pass into the tissue, i.e. energy passes from the transducer to the 
tissue. The intensity at a point in the tissue is the rate of flow of 
energy through unit area at that point (Fig. 1.4). For example, the 
intensity may be 100 milliwatts per square centimetre (100 mW/ 
cm 2 ). The intensity is related to the square of the pressure wave 
amplitude. 

The region of tissue in front of the transducer subjected to the 
vibrations is referred to as the ultrasound field or beam. Intensity 
is often measured at the focus of the field or within 1 or 2 cm of the 
transducer face. Transducer designers will often measure the pres¬ 
sure amplitude or intensity over the full depth range for which the 
transducer will be used. 

For safety studies, intensity is often defined precisely to ensure 
validity in the conclusions drawn; for example, J spta is the intensity 
at the spatial peak (often the focus) averaged over time. Each defini¬ 
tion gives rise to an intensity relevant to that definition. These 
intensities are not used in routine scanning but it is useful to know 
their origins when the safety literature is being studied (see Appen¬ 
dix at the end of this chapter). It will be seen in Chapter 4 that from 
a clinical application point of view, the two quantities of interest to 
optimise safety are thermal index (TI) and mechanical index (MI). 

The power of an ultrasonic beam is the rate of flow of energy 
through the cross-sectional area of the beam (Fig. 1.4). This is a 
quantity that is often quoted since it gives a feeling for the total 
output and is relatively easy to measure. 

Power and intensity controls on ultrasonic scanners are some¬ 
times labelled using the decibel notation. This occurs less frequently 
on new machines. Although not essential for the operation of 
machines, familiarity with this labelling removes its mystique and 
can be helpful when reading the literature. The manipulation of 
machine controls is covered in Chapter 3, where it is demonstrated 
that logical operation can be readily achieved. The decibel notation 
basically relates the current value of intensity or power to a refer¬ 
ence value. For example, taking the maximum intensity position of 
the control as giving the reference output value I Q , other values of 
intensity /, corresponding to other control positions, are calibrated 
relative to I Q as: 

Output intensity in decibels (dB) = 10log(I/I 0 ) 

This output in dB is therefore the ratio of two intensities and is 
not an absolute unit like cm or watt. Output power controls can 
also be labelled in terms of dB: 


Ultrasound beams and power 

• The vibration produced by the transducer is a flow of energy 
through the tissue. 

• Intensity and power are related but different physical quantities 
that are measures of the flow of energy and are of particular 
interest with regard to safety. 

• The ultrasound field or beam is the region in front of the 
transducer that is affected by the transmitted vibration. 

• The decibel notation can be employed to label the controls of 
intensity, power and amplifier gain. Decibel labelling of a control 
is not absolute but refers each setting of the control to a 
reference level. 

• Radiation force is experienced when the transmitted energy 
strikes a target and is reflected or absorbed. 


Output power in decibels (dB) = 10 log(P/P 0 ) 

The dB notation was employed in the past when it was fairly 
difficult to measure absolute values of intensity and power in units 
of mW/cm 2 or mW respectively and also since separate calibration 
is required for each transducer. This notation is essentially an his¬ 
torical hangover and is of no value in machines designed for clinical 
application. More recently the outputs of machines have been 
related to possible biological effects, in particular heating and cavi¬ 
tation. Cavitation is the violent response of bubbles when subjected 
to the pressure fluctuations of an ultrasound wave (Chapter 4). 
Thermal (TI) and mechanical indices (MI) relate to these phenom¬ 
ena and are displayed onscreen (Chapter 4). 

The decibel notation is also found applied to the gain of a receiver 
amplifier: 

Gain = Output volts/input volts 

Or: 


Gain in decibels = 20log(V out /V in ) 

Another application relates to differences in pressure amplitude 
of an ultrasound wave: 

Acoustic pressure difference in decibels = 20log(p 1 /p 2 ) 

Absolute values of ultrasonic intensity are normally measured 
with a hydrophone, which takes the form of a small probe with a 
piezoelectric element at its tip. 

Absolute values of ultrasonic power are measured with a radia¬ 
tion power balance which is based on the following. There is a flow 
of energy in an ultrasonic field from the transducer as the vibrations 
pass into water. Associated with the flow of energy in a beam there 
is a flow of momentum. Due to this momentum a force is experi¬ 
enced by an object placed in the field, the force being directly related 
to the power of the field. These small forces can be measured by 
placing the object under water on the pan of a sensitive chemical 
balance, hence the name power balance. 

For a beam of power P incident perpendicularly on a totally 
reflecting flat surface: 

Radiation force = 2 P/c 

The force experienced is 0.135 mg per milliwatt. Power levels 
down to 0.1 mW can be measured with balances. For an object that 
totally absorbs the beam, the force is half that of the reflection case. 


DIFFRACTION AND INTERFERENCE 


Diffraction describes the spreading out of a wave as it passes 
from its source through a medium. The pattern of spread is 
highly dependent on the shape and size of the source relative to the 
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wavelength of the sound. To produce an approximately parallel¬ 
sided beam, the diameter of the crystal face is typically 10 to 20 
times that of the ultrasound wavelength. The diffraction pattern of 
a disc-shaped crystal as found in basic medical ultrasound trans¬ 
ducers is approximately cylindrical for a short distance, after which 
it diverges at a small angle (Fig. 1.5). The diffraction pattern from 
a small transducer is divergent at a larger angle from close to the 
transducer (Fig. 1.6A). Within a diffraction pattern there may be 
fluctuations in intensity, particularly close to the transducer. Diffrac¬ 
tion also occurs beyond an obstacle such as a slit aperture or an 
array of slits which partially blocks the wavefront (Fig. 1.6B). The 
narrowness of a beam or the sharpness of a focus is ultimately 
determined by diffraction. The submillimetre wavelengths associ¬ 
ated with the high frequencies of medical ultrasound permit the 
generation of well-focused beams, one of the most important facts 
in medical ultrasound technology. The higher the frequency, the 
narrower the beam can be made and hence the finer the image 
detail. Unfortunately, we will see later that absorption also increases 
with frequency, which puts an upper limit on the frequency that 
can be employed in any particular application. 

Interference of waves occurs when two or more overlap as they 
pass through the propagating medium. The resultant wave pres¬ 
sure amplitude at any point is determined by adding the pressure 
amplitudes from each wave at the point (Fig. 1.7A). When the 
waveforms are in step, they add constructively (constructive 


sin 0 = 1.22 A/D 



Figure 1.5 Schematic diffraction pattern for a disc-shaped 
crystal generating a continuous wave beam. 


interference) to give an increase in amplitude. Out of step they add 
destructively (destructive interference), resulting in a lower pres¬ 
sure amplitude (Fig. 1.7B). This 'principle of superposition' is 
widely used to predict ultrasound field shapes using mathematical 
models. In such modelling the shape of the transducer field is cal¬ 
culated by considering the crystal face to be subdivided into many 
small elements. The diffraction pattern for each element is calcu¬ 
lated and the effect of them overlapping and interfering gives the 
resultant ultrasound field shape. Interference and diffraction are 
rarely considered in detail since, as techniques stand at present, 
ultrasound beams and fields are not tightly defined. 

The terms 'ultrasound field' and 'ultrasound beam' tend to get 
used interchangeably. It would probably be better if we restricted 
'field' to label the transmitted ultrasound pattern in front of the 
transducer and 'beam' to a combination of the transmitted field and 
the reception sensitivity pattern in front of the transducer. For a 
single crystal transducer the two patterns are the same but for array 
transducers they are probably always different. For example, the 
transmission focusing and the reception focusing are usually differ¬ 
ent (Chapter 2). It is the shape of the beam, i.e. the combination of 
transmission and reception, that plays an important part in deter¬ 
mining the detail in an image. The loose usage of 'field' and 'beam' 
is not usually serious, but it is worth remembering that both trans¬ 
mit power and receiver gain influence the lateral resolution in an 
image. Image detail (resolution) is discussed later in this chapter. 


IMAGE SPECKLE 


When an ultrasound pulse passes through tissue the very large 
number of small discontinuities generate small echoes which travel 
back to the transducer and are detected. These small echoes overlap 
and interfere both constructively and destructively to produce a 
fluctuating resultant signal (Fig. 1.8). The related electronic fluctuat¬ 
ing signal produced by the transducer is presented along each scan 
line in the display as fine fluctuations in the grey shades. The whole 
image appears as a speckle pattern. In practice the speckle is often 
a combination of the true speckle from very small tissue structures 




(A) Crystal diameter ~ wavelength 



Divergent wavefront 
due to diffraction 



(b) Aperture diameter ~ wavelength 



Figure 1.6 Diffraction pattern. A: For a small transducer. B: For Figure 1.7 A: Constructive interference of two waves, 
a small aperture. B: Destructive interference of two waves. 
































Standing waves and resonance 
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Figure 1.8 Fluctuating echo signals resulting from constructive 
and destructive interference of echoes from structures lying along 
one beam direction through tissue. A: Transducer transmitting 
ultrasound along one beam direction into complex tissue. B: Echo 
signals received from one beam direction into tissue. 


and some slightly bigger echoes from structures such as blood 
vessels or muscle fibres. The true speckle does not depict the very 
small tissue structures but the overall result of their echoes interfer¬ 
ing. These tissue structures are smaller than can be imaged by 
ultrasound in the diagnostic frequency range. The speckle appear¬ 
ance of an image of tissue may help to identify the state of the tissue 
when the operator has a lot of experience with a particular machine. 
Comparison of speckle patterns between machines will probably 
not be valid as transducer design and the electronics influence the 
speckle appearance. In some applications tissue motion is measured 
by tracking the speckle pattern, for example in myocardial velocity 
imaging or elastography. The true speckle does not necessarily 
follow the tissue exactly but the echoes from the slightly bigger 
structures do and help to make the technique more robust. 

With a sensitive B-mode scanner the speckle image of blood can 
be observed. The changing pattern relates to the motion of cells or 
groups of cells. The technique goes by the General Electric trade 
name of B-Flow. 


FOURIER COMPONENTS 


In the discussion on interference, it was seen that when two waves 
or signals overlap the resultant wave pattern has a shape different 
from either of the two original waves. The simple case of two 
similar waves was considered giving constructive or destructive 
interference. However, if two or more waves or signals are consid¬ 
ered of different frequencies and in and out of step by varying 
degrees, complex resultant waveforms can be produced (Fig. 1.9). 
The resultant waveform is said to be synthesised from the fre¬ 
quency components. The degree to which waves are in or out of 
step is the phase difference between the waves. Phase is important 
in the design of technology but it is not a concept that is of direct 
interest to the clinical user. 

The opposite process of breaking a complex waveform down into 
its frequency components is of more direct interest in medical ultra¬ 
sound. Then the complex waveform is said to be analysed into its 
frequency components. This is called frequency or Fourier analysis 
after its inventor. The more complex the waveform, the more 
Fourier components it has. A continuous wave of pure sinusoidal 
shape has one frequency component (Fourier component). A pulse 
has a range of frequency components. The shorter and sharper the 
pulse, the larger the range of frequency components; the range is 
known as the bandwidth of the pulse (Fig. 1.10). Each transducer 



Resultant waveform 


Figure 1.9 Synthesis of a complex waveform by the addition of 
waves of different frequency. Frequency analysis of a complex 
waveform is the reverse process which reveals frequency 
components. 


can only handle a specific range of frequencies, known as the band¬ 
width of the transducer. Ultrasound frequencies outside this range 
are attenuated and hence are lost to further processing. In Doppler 
blood flow techniques the complex Doppler signal is often analysed 
into its frequencies since they relate directly to the velocities of the 
blood cells at the site interrogated. 

Some processes may remove frequencies from a waveform, e.g. 
absorption may remove the higher-frequency components of the 
signal. Other processes may add frequencies above or below the 
initial bandwidth of the transmitted ultrasound pulse, e.g. non¬ 
linear propagation or scattering at microbubbles. The frequencies 
that are added are often referred to as harmonics (above the upper 
bandwidth limit) or subharmonics (below the lower bandwidth 
limit) of the original signal. 


STANDING WAVES AND RESONANCE 


When two waves of the same frequency travelling in opposite 
directions interfere, standing waves are formed. Examination of the 
wave pressure variations show alternate regions of high and low 
pressure amplitude oscillations that are not moving through the 
medium, i.e. a pattern of stationary nodes and anti-nodes has been 
formed (Fig. 1.11 A). When a sound wave is reflected back and forth 
between two flat parallel surfaces in such a way that the sound 
travelling in opposite directions overlaps, standing waves are 
formed. If the separation of the surfaces is a whole number of half 
wavelengths, a marked increase in the pressure amplitude is 
observed (Fig. 1.11B). This is due to the waves adding construc¬ 
tively to give a resonance. When the separation of the surfaces is 
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Figure 1.10 The frequency spectrum of a pulsed signal. A: An 

echo pulse detected by a transducer. B: A plot of the amplitude 
(size) of the frequency components in the pulse after Fourier 
analysis. 


one half-wavelength, a strong resonance occurs, known as the fun¬ 
damental resonance (Fig. 1.11C). 

At other separations equal to multiples of the half wavelength, 
other weaker resonances are known as harmonics. Conversely har¬ 
monics can also be seen when the separation is fixed and the wave¬ 
length is varied. These harmonics occur when the wavelength 
equals some multiple of the separation. 

Piezoelectric transducer elements are made equal in thickness to 
one-half of the wavelength corresponding to their desired operating 
frequency to give efficient generation and detection of ultrasound. 
Continuous wave Doppler transducers have little or no damping 
and resonate at their operating frequency. Imaging and pulsed 
wave Doppler transducers have some damping which absorbs 
energy and spreads their sensitivity over a frequency range; i.e. 
they have a wider frequency response (bandwidth), which can be 
desirable though the damping reduces their sensitivity. When the 
size of an object has a special numerical relationship to the wave¬ 
length, a resonance will occur. An interesting example of resonance 
is exhibited when microbubbles of a particular size resonate in an 
ultrasound field. This resonance is exploited to improve the detec¬ 
tion of these bubbles when they are injected into the bloodstream 
to act as imaging contrast agents (Chapter 6). By coincidence micro¬ 
bubbles, the size of red blood cells, resonate in the same MHz 
ultrasound frequency range as used in tissue imaging. 

Standing waves and interference are of interest to the designer of 
transducers. They are two of the phenomena that contribute to the 
overall performance of a transducer and provide some insight into 
its complex operation. Given this complexity and scope for varia¬ 
tion, it is always worth thoroughly assessing the performance of 
each transducer in clinical use. 



Figure 1.11 A: The generation of a standing-wave pattern by two 
overlapping waves travelling in opposite directions. B: Standing 
waves produced by waves reflected within parallel surfaces. 

C: Fundamental resonance for surfaces separated by one 
half-wavelength. 


Interference, frequencies and resonance 

• Waves diffract and interfere. 

• At high frequencies, and hence small wavelengths, diffraction can 
be controlled to produce directional beams. 

• High frequencies produce narrow beams. 

• Image speckle is produced by interference of echoes from 
small-scale structures within tissue. The speckle pattern is related 
to the structure but does not represent the actual structure. 

• Complex waveforms (ultrasonic or electronic) can be broken 
down into frequency components. Frequency analysis is a very 
powerful technique for characterising signals. 

• The frequency spectrum of a signal is important when ‘harmonic 
imaging’ and also Doppler blood flow detection are employed. 

• Resonance can occur when ultrasound is reflected internally in a 
structure in which the dimensions of the structure are some 
multiple of the wavelength. 

• Resonance is commonly encountered in transducer crystals and 
microbubbles. 






















Scattering 


REFLECTION 


Ultrasound is reflected when it strikes the boundary between two 
media where there is a change in density or compressibility or both. 
To be more exact, reflection occurs where there is a difference of 
acoustic impedance (Z) between the media (Fig. 1.12A). The imped¬ 
ance is a measure of how readily tissue particles move under the 
influence of the wave pressure. The acoustic impedance of a 
medium equals the ratio of the pressure acting on the particles of 
the medium divided by the resulting velocity of motion of the 
particles. Therefore for tissues of different impedance a passing 
wave of particular pressure produces different velocities in each 
tissue. Note, the velocity of particle motion about the rest position 
is not the same as the velocity (speed) of the ultrasound waveform 
through the medium. For a wave in which the peaks and troughs 
of pressure lie in flat planes, plane waves, the acoustic impedance 
of a medium is equal to the density (p) times the speed of sound in 
the medium, i.e. Z = pc. It is not surprising that reflection depends 
on quantities such as density and speed of sound, since the latter 
depends on the rigidity of the medium. In practice when imaging, 
echo size is often related roughly to the change in acoustic imped¬ 
ance at tissue boundaries. An approximate knowledge of tissue 
impedances is helpful in this respect (Table 1.1). Note that it is the 
change that is important - it does not matter whether there is an 
increase or decrease in impedance. The large changes in acoustic 
impedance at bone/soft tissue and gas/soft tissue boundaries are 
problematic since the transmitted pulse is then greatly reduced or 
even totally blocked in the case of gas by reflection at the boundary. 
The size of the echo in an image (i.e. the shade of grey) relates 
to the change in acoustic impedance at the interface produc¬ 
ing it. Shades of grey are therefore related to the properties of 
tissues though signal processing in the scanner also plays an impor¬ 
tant part. 


Incident wave 



(b) Smooth reflective surface 


Figure 1.12 Reflection. A: Reflection at change in acoustic 
impedance between two media. B: Reflection at a smooth 
interface. 


The unit of acoustic impedance is the Rayl, where 1 Rayl = 1 kg/ 
m 2 s (units are often named after individuals, e.g. hertz, watt, pascal, 
rayleigh). As noted above, impedance is referred to in a semi- 
quantitative way; numerical values with units are rarely quoted 
except in some scientific studies, for example where attempts are 
made to characterise the ultrasonic properties of tissues. As can be 
seen from Table 1.1, the higher the density or stiffness of a material, 
the higher is its acoustic impedance. 

It is instructive to consider the simple case of reflection of an 
incident ultrasound wave at a flat boundary between two media of 
impedances and p 2 c 2 . The magnitude of the echo amplitude is 
calculated using: 

Reflected amplitude = Incident amplitude x (p^ - p 2 c 2 )/(piC 1 + p 2 c 2 ) 

Table 1.2 gives a rough appreciation of echo sizes produced 
at different boundaries. Since properties of tissue are usually not 
accurately known and are highly dependent on the state of the 
tissue, significant differences from these values may exist in par¬ 
ticular cases. 

Reflection of ultrasound at a smooth surface is similar to light 
reflecting at a mirror and is sometimes referred to as specular reflec¬ 
tion (Fig. 1.12B). Here it can be seen that the angle of incidence, i, 
is equal to the angle of reflection, r. 


SCATTERING 


As an ultrasound wave travels through tissue it will probably inter¬ 
act with small tissue structures whose dimensions are similar to or 
less than a wavelength and whose impedances exhibit small varia¬ 
tions. Some of the wave energy is then scattered in many directions 
(Fig. 1.13). Scattering is the process that provides most of the echo 
signals for both echo imaging and Doppler blood flow techniques. 
The closely packed scattering structures are very large in number 
and have a random distribution. Computer models of a wave inter¬ 
acting with such structures can predict a scattered wave with prop¬ 
erties like those observed in practice. We noted earlier that the 
fluctuations in echo signals explain the fine speckled patterns 
detected from organ parenchyma and blood. Red cells in blood, 
singly or in the groups, are the scattering structures which produce 
the signals used in Doppler techniques. Reflection at a flat bound¬ 
ary, as discussed above, is a special case of scattering which occurs 
at smooth surfaces on which the irregularities are very much 
smaller than a wavelength. When the irregularities are comparable 
to the wavelength, they can no longer be ignored. This scattering 
at a non-smooth tissue interface enables it be imaged more easily 
since echoes are detectable over a wide range of angles of incidence 
of the beam at the interface. 

The ratio of the total ultrasound power, S, scattered in all direc¬ 
tions by a target to the incident intensity, J, of the ultrasound beam 
is called the total scattering cross-section of the target. This ratio is 
used to compare the scattering powers of different tissues. Table 1.3 


Table 1.2 Percentage of incident energy reflected at 
tissue interfaces (perpendicular incidence at flat 
interface) 

Fat/muscle 

1.08 

Muscle/blood 

0.07 

Bone/fat 

48.91 

Fat/kidney 

0.64 

Lens/aqueous humour 

1.04 

Soft tissue/water 

0.23 

Soft tissue/air 

99.90 
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Figure 1.13 Wave scattering at a target of dimensions much less 
than the wavelength. 
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Figure 1.14 Deviation of an ultrasound beam on striking at an 
angle the interface between two media of differing speed of sound. 


Table 1.3 Scattering within organs. Scattered signal 
level compared to typical soft tissue boundary (fat/ 
muscle) echo level 

Reference boundary (fat/muscle) 

Echo level 

1.0 

Liver parenchyma 

Scatter level 

0.032 

Placenta 

Scatter level 

0.1 

Kidney 

Scatter level 

0.01 

Blood 

Scatter level 

0.001 

Water 

Scatter level 

0.000 


provides an idea of the scattering powers of some common tissues. 
The use of such scattering measurements has not been sufficiently 
discriminatory for tissue characterisation. However, the depiction 
of different levels of scattered echo signals in an image provides 
much of the information in the image. 


REFRACTION 


The change in direction of a beam when it crosses a boundary 
between two media in which the speeds of sound are different is 
called 'refraction' (Fig. 1.14). If the angle of incidence is 90° there is 
no beam bending but at all other angles there is a change in direc¬ 
tion. Refraction of light waves in optical components such as lenses 
and prisms is a common example. For an angle of incidence i, the 
new angle of the beam to the boundary on passing through it (the 
angle of refraction r) is easily calculated using Snell's law: 

sin/'/sinr = c^c 2 = \y 
where p is the refractive index. 

Table 1.4 shows that deviations of a few degrees can occur at soft 
tissue boundaries. The results in ultrasonic imaging allow us to 
conclude that refraction is not a severe problem at soft tissue inter¬ 
faces. An exception is at soft tissue/bone boundaries, where it can 
be a severe problem due to the big differences in speed of ultra¬ 
sound between soft tissue and bone. 


Table 1.4 Beam deviation due to refraction at typical 
soft/tissue boundaries (angle of incidence 30°) 


Bone/Soft tissue 19° 

Muscle/Fat 2.5° 

Muscle/Blood 0.5° 

Muscle/Water 1 ° 

Lens/Aqueous humour 2° 


Reflection, refraction and scattering 

• An echo is generated at a change in acoustic impedance. The 
bigger the change, the bigger the echo. It does not matter if the 
change is an increase or decrease. 

• The acoustic impedance of a tissue is related to the density and 
rigidity of the tissue. 

• Bone and gas have acoustic impedances that are markedly 
different from those of soft tissue. 

• Reflection is said to occur at surfaces of dimensions greater than 
the ultrasound wavelength and for smooth surfaces is analogous 
to light reflecting from a mirror or glass surface. 

• Scattering occurs at small structures of acoustic impedance 
different from that of the surrounding medium. Scattering 
redirects the incident ultrasound over a wide range of angles, 
possibly through all angles in 3D. 

• Very small tissue structures and blood cells are scattering centres 
of interest. 

• Refraction occurs at a tissue interface where the velocity of 
ultrasound changes and the angle of incidence is not 90°. 


LENSES AND MIRRORS 


We often think of ultrasound behaving in a manner similar to that 
of light. This is not surprising since both are wave phenomena. As 
for light, lenses and mirrors can be constructed for ultrasound by 
exploiting reflection and refraction (Fig. 1.15). Lenses are designed 
by selecting material in which the velocity of ultrasound is different 














Non-linear propagation 


Table 1.5 Tissue thickness (in cm) to half intensity of ultrasound beam (-3 dB) for common clinical frequencies 
and materials 



1 MHz 

3 MHz 

5 MHz 

10 MHz 

20 MHz 

Blood 

17 

8.5 

3 

2 

1 

Fat 

5 

2.5 

1 

0.5 

0.25 

Liver 

3 

1.5 

0.5 

- 

- 

Muscle 

1.5 

0.75 

0.3 

0.15 

- 

Bone 

0.2 

0.1 

0.04 

- 

- 

Polythene 

0.6 

0.3 

0.12 

0.6 

0.03 

Water 

1360 

340 

54 

14 

3.4 

Soft tissue (average) 

4.3 

2.1 

0.86 

0.43 

0.21 




Figure 1.15 Lenses (A) and mirrors (B) for ultrasound. 


and beam divergence. The last two are frequency dependent, 
hence attenuation in tissue is highly dependent on frequency 
Attenuation rises quickly over the diagnostic frequency range. 
Scanning equipment uses several techniques to compensate for 
attenuation and the operator should ensure that the appropriate 
controls have been optimised. This is further discussed in 
Chapter 3. 

Table 1.5 presents attenuation for commonly encountered tissues. 
In the laboratory, attenuation is measured by noting the decrease 
in pressure amplitude as a wave passes through a known thickness 
of tissue. By taking the ratio of the input and output pressure 
amplitudes at either side of the slab of tissue, the drop in pressure 
amplitude can be quoted in dB/cm (attenuation coefficient). It is 
common practice to quote attenuation coefficients in dB/cm when 
imaging techniques are being considered, though in clinical appli¬ 
cation this would only be with special techniques related to tissue 
characterisation. 

From Table 1.5 it can be seen that the attenuation in most soft 
tissues is similar and therefore an average value of 0.7 dB/cm/ 
MHz can be used to compensate roughly for it (e.g. 2.1 dB/cm for 
3 MHz ultrasound). The high attenuation of bone and calcified 
tissue is a particular problem. Later, in Chapter 3, controls will be 
discussed for attenuation compensation. It will be seen that com¬ 
pensation is applied by creating an image in which the average echo 
amplitude is made similar over the depth of tissue penetration. It 
will also be noted that some machines leave the compensation to a 
computer which assesses average signal level and applies compen¬ 
sation automatically (adaptively). This approach makes a lot of 
sense since it is in fact difficult to compensate for attenuation when 
the tissues being scanned are changing either due to their own 
motion or that of the scanning action of the transducer. 


from that of water or tissue. Mirror material has an acoustic imped¬ 
ance markedly different from water or tissue and hence results in 
very strong reflection. Lenses are most commonly found on the 
front face of transducers. Mirrors are rarely used. 


ABSORPTION AND ATTENUATION 

As an ultrasound wave passes through tissue, its orderly vibra¬ 
tional energy is converted into random vibrational heat energy and 
hence the wave pressure amplitude reduces with distance travelled. 
This process is known as absorption. The higher the ultrasound 
frequency, the more rapidly is the amplitude reduced. Absorption 
rate also depends on the tissue involved. 

In addition to absorption, other effects contribute to the total 
attenuation of the wave amplitude. These effects are reflection, scattering 


NON-LINEAR PROPAGATION 


Attenuation, discussed above, reduces the amplitude of ultrasound 
as it passes through tissue. It also reduces the high-frequency com¬ 
ponents in a pulse more than the lower ones and hence alters the 
shape of the pulse. This effect is rarely considered in clinical appli¬ 
cation. However, another phenomenon which alters the shape of a 
pulse and which is routinely exploited is called non-linear propaga¬ 
tion. It is not significant for low-amplitude waves (e.g. 50 kPa) but 
important for high amplitude ones (e.g. 1 MPa). For waves of large 
pressure amplitude, the speed of sound is higher in regions where 
the pressure amplitude is positive than it is in the regions where 
the pressure is negative. The speed is different in the regions expe¬ 
riencing positive half-cycles than in negative half-cycles because the 
density of the medium changes with pressure. The effect is such 
that as the waveform passes through the tissue, the positive half¬ 
cycles catch up on the negative half-cycles resulting in distortion of 
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Figure 1.16 A and B: Change of waveform shape due to 

non-linear propagation in tissue. Note the high-frequency spikes 
indicating the production of harmonic frequencies. 


the waveform (Fig. 1.16). The greater the path travelled by the 
wave, the greater the distortion. The wave may become consider¬ 
ably distorted and have sharp discontinuities in its shape. The sinu¬ 
soidal shape seen close to the transducer has then been replaced by 
a more saw-toothed shape, and the positive half-cycles can become 
particularly spiked. 

The amount of non-linear distortion that occurs depends on the 
nature of the propagating medium as well as the wave parameters 
such as frequency and pressure amplitude. The amount of non¬ 
linear distortion is related to the molecular and structural proper¬ 
ties of the medium in a complex way. However, the phenomenon 
has been very successively exploited without the requirement to 
consider the differences between tissues. It is employed to produce 
narrower ultrasound beams rather than to provide information on 
the tissues through which the ultrasound passes. 

Non-linear distortion is significant in the ultrasound methods 
used in medicine and has been exploited to improve images. The 
distortion is generated where the pressure is high, i.e. along the 
central axis of the ultrasound beam. Distortion is less in the weaker 
fringes or side-lobes of the beam, i.e. away from the central axis. By 
only using echoes produced by the non-linear transmitted pulse 
near the central axis, the scanning beam is effectively narrowed. It 
is possible to filter out these echoes since their shock-wave shape 
means that they contain a range of harmonic frequencies over and 
above those in the original transmitted pulse. It has been noted in 
the section on Fourier components that the shorter and sharper the 
shape, the bigger is the range of frequencies. These extra frequen¬ 
cies, which are generated as non-linear propagation distorts the 
pulse, are called harmonics. The technique utilising harmonics to 
produce narrower beams is known as harmonic imaging. The nar¬ 
rower beam improves the lateral resolution in the image. Harmonic 
imaging is very extensively used, indeed it is often the default mode 
which the machine is automatically programmed to activate when 
first switched on. 


TISSUE CHARACTERISATION AND 
ELASTOGRAPHY 


When echo signals are collected there is often interest in saying 
more about the characteristics of the tissues that produced them. 
The most obvious characterisation would be to distinguish benign 
from malignant, but other distinctions may be attempted such as 
fatty from fibrotic liver or degree of calcification of arterial plaque. 
Parameters related to the phenomena described in previous sec¬ 
tions may be measured to attempt tissue characterisation, e.g. speed 



Figure 1.17 The generation of shear waves by the force at the 
focus of an ultrasound beam. 


of sound, attenuation coefficient and scattering coefficient. Charac¬ 
terisation of tissue is often made difficult by the degradation of the 
ultrasound beam by fat and muscle between the transducer and the 
site of interest. Invasive imaging reduces this problem, for example 
by the use of catheter-based scanners to characterise blood vessel 
walls which are examined with a short beam path through blood. 
The problems are also reduced if there is a well-specified path 
between the transducer and the tissue of interest, e.g. through the 
eye to the retina or through a water-bath to skin lesions. 

There is substantial development at the moment in the measure¬ 
ment of tissue elasticity by ultrasonic means. When a tissue is com¬ 
pressed by an external force, changes in its shape and size can be 
measured from the changes in position of the echo speckle pattern. 
From the size of the force and the tissue distortion, quantities can 
be calculated that relate to the elasticity of the tissue. This is analo¬ 
gous to palpation though the aim is to develop techniques that are 
more quantitative and can be applied to tissues deep within the 
body. It is known that the hardness of a mass can often be related 
to its pathology. Several different methods may be employed to 
apply a force to tissue, ranging from simply pushing the scanning 
transducer to using the beam radiation force to generate shear 
waves which spread out around the focus of a normal ultrasound 
beam. It was noted earlier that when the momentum of an ultra¬ 
sound beam is interrupted by reflection or absorption at a target, 
the target experiences a radiation force. In the arrangement shown 
in Figure 1.17, a target tissue at the focus of the beam will experience 
a force impulse when subjected to an ultrasonic pulse. The resulting 
motion of the tissue produces a shear wave which travels sideways 
from the direction of the ultrasound beam, not unlike the ripple on 
a pond when a small pebble is dropped in. If several focal points 
are targeted at successive depths by successive transmitted pulses, 
the shear waves produced interfere with each other as they travel 
sideways and produce two plane shear waves travelling in opposite 















Doppler effect 


directions at an angle to each other. This 'V'-shaped shear wave 
pattern resembles the sonic boom pressure wave generated by a jet 
aircraft travelling at the speed of sound. Labels such as 'radiation 
force' or 'supersonic' are used for these techniques. 

Shear waves of MHz frequencies are attenuated very strongly in 
tissue and have not found application. However, shear waves of a 
few hundred Hz travel well through tissue and are the basis of the 
supersonic approach. The frequencies of the shear wave are deter¬ 
mined by the pulsing rate of the ultrasound transducer. The speed 
of the shear waves and the wavelength are also very different from 
typical ultrasound waves as normally employed in ultrasound 
imaging (e.g. speed 1500 m/s and wavelength 0.5 mm for normal 
compression wave ultrasound and speed 1 m/s and wavelength 
1 mm for shear waves in tissue). As the shear waves travel out from 
the focus (the shear wave source), the tissue moves under its influ¬ 
ence, e.g. back and forth over typically 50 microns. The ultrasound 
scanner operating at a very high frame rate can image these small 
motions using signal processing methods similar to those used in 
colour Doppler imaging. From this image the speed of the shear 
wave at each point can be calculated. This speed depends on the 
elasticity (stiffness) of the tissue and hence can be used for diagnos¬ 
tic purposes. The results may be quoted in terms of the shear 
modulus in units of the pascal (Pa). Shear modulus is a scientific 
measure of the stiffness of the tissue. Considerable computation is 
required to provide the ultra-fast imaging and the elasticity images 
in real-time. Shear wave techniques are at quite an advanced state 
of development, and the first clinical machines are now available. 
Biological and clinical studies are in progress to establish their 
efficacy. The acoustic exposure of the patients is within FDA guide¬ 
lines. In addition to elasticity, in the future measures of viscosity of 
tissue may be provided. 

This field is normally called elastography or sonoelastography. It 
is a field that has been developed over the past 20 years and given 
the complex response of tissue to physical forces, this will continue 
both in terms of technological and clinical studies. That said, com¬ 
mercial equipment is now available for clinical evaluation. 


Attenuation, propagation and harmonics 

• Absorption occurs as ultrasound energy is converted into heat. 

It is highly frequency and tissue dependent. 

• Attenuation is the reduction of beam intensity as it passes 
through tissue. It is the total effect of absorption, scattering, 
reflection, refraction and diffraction. It is highly frequency 
dependent. To obtain adequate echo signals from deep in tissue, 
the operator manipulates gain controls to compensate for 
attenuation. 

• Non-linear propagation occurs as the wave pressure alters the 
properties of the tissue as it passes through it. It distorts the 
waveform which then contains additional frequency components 
- harmonics and subharmonics. 

• Non-linear propagation occurs most near the axis of the beam 
where the wave amplitude is high relative to the sides of the 
beam. By only detecting the harmonics the beam is effectively 
made narrower, which gives better lateral resolution. 

• Harmonics and subharmonics frequencies are also generated 
when ultrasound interacts with contrast microbubbles. Detection 
of these frequencies is exploited in the location of the bubbles 

in vivo. 

• Many operators use harmonic imaging as the method of choice. 

• Many attempts have been made to identify tissue types by 
measuring the acoustic properties of the tissue, e.g. attenuation, 
scattering and speed of sound. Some success has been 
achieved where there is well-defined anatomy but difficulties often 
arise where the ultrasound beam is distorted by overlying layers 
of fat and muscle. 

• Present research into tissue characterisation seeks to develop 
elastography. 


DOPPLER EFFECT 


When an ultrasound source and detector are at rest the frequency 
detected equals that transmitted provided the waveform is not dis¬ 
torted by the propagating tissue (Fig. 1.18A). The Doppler effect is 
the change in the observed frequency of a wave due to motion of 
the source of the wave or the observer. If the observer is moving 
towards a static source, an increase in frequency is observed since 
more wave cycles per second are encountered (Fig. 1.18B). Con¬ 
versely for motion away from the source, fewer wave cycles are 
encountered per second and a decreased frequency is detected (Fig. 
1.18C). The size of the Doppler shift is directly related to the size of 
the velocity. In another situation the source may move toward a 
static observer, the wavelengths are compressed as the source 
follows the wave and hence there is an increase in frequency (Fig. 
1.18D). Motion of the source away from the observer stretches the 
wavelength and gives a decrease in frequency (Fig. 1.18E). Both of 
these cases of motion which give rise to changes in the observed 
frequency are in fact slightly different effects since in the first the 
wave is not altered and in the second it is compressed or stretched. 
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Figure 1.18 A-E: The Doppler effect in different situations 
relating to the relative motion of the source and observer. 
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Figure 1.19 Examination of a blood vessel with a continuous 
wave Doppler transducer. 


In medical ultrasound, a beam from an effectively static trans¬ 
ducer is scattered back from tissues to produce echo signals (Fig. 
1.19). The process of sending echoes back to the transducer is often 
called 'backscatter'. Weak signals from blood are detected in this 
way and since the blood is moving the ultrasound has experienced 
a Doppler shift. In this situation if cells are moving towards the 
transducer, the total Doppler effect is produced by the cells moving 
through the waves plus the cells moving after the reflected ultra¬ 
sound and hence compressing the echo signals. Motion of the cells 
towards the transducer produces an increase in ultrasound fre¬ 
quency due to this 'double Doppler' effect. Likewise, a reduction in 
frequency is produced by cells moving away from the transducer. 

If the direction of the beam is at an angle to the direction of 
motion, it is the velocity component along the beam axis (vi) that is 
the relevant velocity when the Doppler effect is considered (Fig. 
1.20A). Very often a simplified picture of blood flow is assumed in 
which the direction of flow is parallel to the walls of the blood 
vessel (Fig. 1.20B). This enables the beam/flow angle to be meas¬ 
ured from an ultrasound image and hence the velocity to be calcu¬ 
lated from the Doppler shift frequency. 

A simple but useful Doppler equation links the Doppler shift, the 
transmitted frequency, the velocity and the angle between direc¬ 
tions of sound propagation and motion: 

f d = 2 vf x cos 0/c or v = f d c/2f { cos 0 

where/ d is the Doppler shift, f t is the transmitted frequency, v is the 
velocity, 0 is the angle and c is the speed of ultrasound. 

So far we have discussed blood cells moving with the same veloc¬ 
ity giving rise to one Doppler shift frequency. Obviously in blood 
flow there can be many moving groups of cells with different veloc¬ 
ities in a limited region in the beam. The limited region, which 
might typically be a few millimetres in diameter, is called the 
sample volume. Each group of cells gives rise to an echo signal with 
a particular Doppler shift and all of these signals combine to 
produce a complex Doppler signal from the blood. This complex 
signal can be analysed into a spectrum of frequencies by Fourier 
techniques. The frequency components in the spectrum can then be 
converted to velocities in the blood using the Doppler equation. 




Figure 1.20 A: Velocity component for angle between beam and 
motion directions. B: Measurement of velocity in a blood vessel. 


Doppler techniques 

• The Doppler effect is a very sensitive and accurate detector of 
motion. It is mostly used to study blood flow but it can also be 
employed to measure tissue motion. 

• Users of Doppler techniques should be aware of the large effect 
of beam/motion angle on the velocity measurement. 

• Most Doppler devices measure the velocity component along the 
ultrasound beam axis. 

• Processes such as absorption, attenuation, scattering, refraction 
and non-linear propagation discussed for pulse-echo imaging 
also apply to Doppler methods. 

• Doppler images and spectrograms are produced in real-time, 
making them very useful for the study of physiological function. 


It is instructive to consider some numerical evaluations of this 
formula for values encountered in medical ultrasound. For example, 
if v = 20 cm/s, c = 154 000 cm/s, 0 = 0° (cos0 = l),/ t = 2 x 10 6 Hz, 
then the Doppler shift equals 519 Hz. 

If the machine measures the Doppler shift and the beam angle, 
the velocity can be calculated and presented automatically on the 
screen. The Doppler shift is seen to be small, around one part in 
1000, but electronics can measure it. The Doppler shift frequencies 
are also in the audible range, which means they can easily be 
studied simply by listening with earphones as well as using the 
spectral Doppler feature of machines. 

It will be seen in Chapter 3 that the Doppler effect is exploited in 
various ways to present information on blood flow and tissue 
motion. A spectrum of velocities from a sample volume at a site of 
interest or colour images of velocities can be produced. Doppler 
methods probably provide the greatest amount of velocity informa¬ 
tion among all blood flow detection techniques. 


RESOLUTION 


The detail that can be observed in ultrasound images or traces 
depends on the smallest change that can be presented by the ultra¬ 
sound systems. The detail in a particular presentation usually is 
said to depend on one or more resolution. These resolutions depend 
on the shape of the ultrasound beam, the ultrasound pulse shape 
and the way they are transmitted. They are now listed since they 
apply to techniques described in later chapters. 
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Axial resolution in a pulse-echo image is the smallest separation 
of two targets lying along the beam axis for which individual echoes 
can be seen. Axial resolution depends on the length of the transmit¬ 
ted ultrasound pulse. Shorter pulses can be generated at higher 
ultrasound frequencies so higher (better) resolution is achievable at 
high frequencies. 

In-plane (lateral) resolution is the smallest separation of two 
targets, placed side-by-side, for which separate echo spots are pre¬ 
sented in an image. As the ultrasound beam sweeps across the scan 
plane, the echoes from the targets are detected one after the other 
if the targets are separated by more than the beam width. If the 
separation is less than the beam width, the echoes are detected 
simultaneously and they cannot be presented separately. The use 
of high frequencies and focusing enable generation of narrower 
beams and hence higher resolution is achieved. It is unfortunate 
that attenuation increases with frequency, limiting the upper values 
that can be used. 

Out-of-plane (elevational, azimuthal) resolution is the minimum 
separation of two targets in the out-of-plane direction for which 
separate echoes can be detected. It is determined by the width of 
the ultrasound beam in the out-of-plane direction. This width is not 
always the same as the in-plane width. It is worth remembering 
when viewing an ultrasound image that the echoes have been col¬ 
lected from a tissue slice of finite width. Out-of-plane resolution is 
sometimes called slice-thickness resolution. 

Contrast resolution is the smallest change in echo signal level that 
can be detected between regions in an image. This is most likely to 
be considered in terms of changes in shades of grey. Contrast reso¬ 
lution depends on the noise in the echo signal. The random fluctua¬ 
tions of noise may be from electronic sources in the scanner or from 
speckle resulting from the interference of echoes from small scat¬ 
tering structures in tissue. Averaging over a number of images can 
reduce noise, i.e. improve contrast resolution, but it slows up the 
imaging process. Contrast resolution is a somewhat neglected 
quantity but it is of major significance with regard to image quality. 

Temporal resolution is the smallest separation in time for which 
two events can be identified separately. It depends on how quickly 
the information is refreshed. In imaging, temporal resolution 
depends on the rate at which images are produced, i.e. the frame 
rate. With physiological traces as encountered in Doppler tech¬ 
niques, the temporal resolution is related to the fast changes in the 
signal. We have seen earlier that the faster the changes occur in a 
trace, the greater is the range of frequency components in the trace. 
In other words, the greater the frequency bandwidth, the higher is 
the temporal resolution. 

In Doppler imaging, different velocities are presented as different 
colours. The velocity resolution is the smallest change in velocity 
that can be detected. Likewise in a Doppler spectrogram, the veloc¬ 
ity resolution is the smallest change in velocity that can be 
measured. 


APPENDIX 


Continuous wave ultrasound 


■ Intensity spatial peak (J sp ): For a continuous wave beam, the 
intensity may be measured at the location of the maximum 
intensity in the beam (the spatial peak) to give the spatial 
peak intensity (J sp ). 

■ Intensity spatial average (J sa ): For a continuous wave beam, 
the intensity may be averaged across the beam to give the 
spatial average intensity (J sa ). 

Pulsed wave ultrasound 


For pulsed wave ultrasound, the intensity may be also averaged 

over the pulse length or the duration of the exposure time, i.e. 

temporal averaging may be carried out as well as spatial 

averaging. 

■ Intensity spatial peak temporal average (J spta ): For a pulsed 
wave beam, the spatial peak intensity may be averaged over 
the duration of a sequence of several pulses to give the spatial 
peak, temporal average intensity (J spta ). 

■ Intensity spatial peak pulse average (I sppa ): For a pulsed 
wave beam, the spatial peak may be averaged over the pulse 
to give the spatial peak, pulse average intensity (J sppa ). 
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INTRODUCTION 


The clinical use of ultrasound is an interactive process, which 
requires the user to manipulate the ultrasound transducer in contact 
with the patient's skin surface, while viewing and interpreting the 
image in real-time. Before the examination, the user must select the 
transducer, operating mode and system settings most relevant to 
the investigation and thereafter make regular adjustments to the 
system controls to optimise the diagnostic quality of the image. To 
make informed choices of system components and settings, it is 
essential to have an understanding of their function and how 
making changes is likely to affect the resulting image. This chapter 
describes the main components of the ultrasound imaging system 
and explains how they operate to produce ultrasound images and 
other useful diagnostic information. The aim of the chapter is to 
provide a basic understanding of system function, which will help 
users to produce optimum quality diagnostic information when 
scanning. The intention is that these explanations should be acces¬ 
sible to all without any detailed knowledge of physics or 
technology. 


Figure 2.1 shows a typical general purpose ultrasound imaging 
system being used to acquire images of anatomical features within 
a patient's abdomen. The transducer is held by the operator in 
contact with the skin surface. The transducer produces short 
bursts, or pulses of ultrasound, which travel into the abdomen and 
are reflected from the abdominal tissues and organs back to the 
transducer. These returned echoes are converted into electrical 
signals by the transducer and used to produce an image of echo- 
producing features within the patient. From information such as 
the direction of travel of the pulse, the time of arrival of the echoes 
and the strength of the reflection, the system processor forms 
scaled images of these internal anatomical features. The operator 
uses the controls available on the console to optimise the system 
operation for different anatomical targets and moves the trans¬ 
ducer around the skin surface to interrogate different areas within 
the abdomen. The ultrasound images are viewed continuously as 
they are formed on the display monitor and may be recorded as 
hard copy still images or cine clips or stored remotely in a picture 
archiving system (PACS). 



Figure 2.1 An ultrasound imaging system in use. (Courtesy of 
Siemens Healthcare.) 











Principles of B-mode image formation 



Figure 2.2 A B-mode image using a curvilinear array 
transducer. 

Figure 2.2 shows a typical ultrasound image from within the 
upper abdomen. As the ultrasound beams, which are used to inter¬ 
rogate the anatomy, are all constrained by the transducer to lie in 
the same plane, the resulting image is a two-dimensional cross- 
sectional image. The upper, curved edge of the image corresponds 
to the surface of the skin, which has been deformed to the shape of 
the curved transducer face. Distance down the image from this 
surface corresponds to increasing depth within the patient. The 
ultrasound beams from this transducer are transmitted at right 
angles to its curved surface resulting in a sector-shaped image. 

The image is a greyscale image. As the ultrasound pulse travels 
into the tissues, some of its energy is reflected, whenever it encoun¬ 
ters a change in acoustic impedance, as described in Chapter 1. 
Relatively strong reflections are produced at organ and tissue 
boundaries, which appear as bright features in the image. Much 
weaker echoes are produced by scattering from small-scale features 
within organ tissues, e.g. liver parenchyma, which are displayed as 
a darker shade of grey. Cystic regions contain no changes in acous¬ 
tic properties and so generate no echoes. These appear as black in 
the image. As described in Chapter 1, an interface between tissue 
and gas will reflect so strongly that the ultrasound pulse is unable 
to travel any further. With a tissue-bone interface there will also be 
a strong reflection, and high attenuation in the bone. Such interfaces 
will be displayed as a very bright echo with a black shadow behind 
it. The greyscale image is also known as a B-mode image (B for 
brightness) as the strength of the echo is displayed in terms of 
image brightness. 

To allow fine detail and closely spaced targets to be resolved in 
the image, it is essential that the ultrasound beam is narrow and 
the ultrasound pulse short. Better resolution is achieved by trans¬ 
mitting higher ultrasound frequencies. Unfortunately, higher fre¬ 
quencies are attenuated more rapidly, as explained in Chapter 1, 
leading to reduced depth of penetration of the ultrasound pulse into 
tissues. It is this phenomenon that determines the maximum depth 
from which ultrasound echoes can be received and displayed in the 
image. 


PRINCIPLES OF B-MODE IMAGE 
FORMATION 


The two-dimensional (2D) B-mode image is composed of a large 
number of individual, adjacent B-mode lines. In the simplest image 
forming process, each line is formed by a single pulse-echo cycle as 
illustrated in Figure 2.3. 


(a) The transmit pulse travels along the ultrasound beam into tissues. 
Echoes generated at interfaces return to the transducer 



(B) The time of arrival of echoes after transmission increases 
with the depth of the reflector 


Figure 2.3 The pulse-echo cycle. 



(A) Pulse-echo cycles are initiated at a 
series of adjacent beam positions 
along the transducer face 


(b) The line of echoes produced 
by each cycle is used to form a 
B-mode line in the image 


Figure 2.4 B-mode image formation from a sequence of 
lines. 


The transducer produces a pulse of ultrasound, consisting of a 
few cycles at the selected transmit frequency, e.g. 5 MHz. The pulse 
propagates through the tissues along a beam-shaped corridor at the 
speed of sound c for the particular tissue. Upon reaching a reflecting 
interface, an echo is produced, which travels back to the transducer, 
also at speed c. Meanwhile, the pulse has travelled on to deeper 
interfaces, generating further echoes, which also travel back to the 
transducer, but arrive at later times. The total time after transmis¬ 
sion of the pulse for each echo to arrive back at the transducer is 
called the 'go and return' time, which is simply twice the depth (go 
and return) divided by the speed c, i.e. 2 d/c. As described in 
Chapter 1, the speeds of sound in the soft tissues of the body are 
all (excluding fat) within 5% of the average value of 1540 m/s. The 
image processor assumes this value to calculate the depth of origin 
of each echo-producing feature from the time of arrival. 

In real tissues, there is an almost continuous series of interfaces 
and scatterers along the ultrasound beam, which generate a con¬ 
tinuous series of echoes, following transmission of the pulse. The 
line of echoes is used to form a B-mode line in the image, with echo 
strength displayed in terms of image brightness at each point on 
the line and time of arrival of the echo by distance down the line. 
Once echoes have been received from the maximum depth, another 
pulse-echo cycle is initiated along a beam in an adjacent position to 
the first, generating an adjacent B-mode line in the image (Fig. 2.4). 
By repeating this process along the entire length of the transducer 
face, a large number of adjacent image lines (typically 256) are 
formed, resulting in a 2D B-mode image. 

Once the last line in the image has been formed, the process is 
repeated to form a continuous series of images or frames. The 
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B-mode image formation 

• The 2D B-mode image is formed from a set (>100) of B-mode 
lines. 

• Each line is formed from one pulse-echo cycle. 

• The pulse travels along a beam-shaped corridor. 

• Echoes received are displayed along the line according to their 
time of arrival. 

• The strength of the echo is displayed in terms of brightness. 


ultrasound images are displayed as they are formed, resulting in a 
real-time display of moving images. 

The finite travel time of the ultrasound pulses and echoes to and 
from the reflecting target results in a fundamental limitation of 
ultrasound imaging systems. The time to form each image line is 
the 'go and return' time to the maximum depth. Large imaging 
depths result in long line times. When coupled with a large number 
of image lines, this leads to a long frame time and low image repeat 
rate or frame rate. If a high frame rate is needed to image a rapidly 
moving target, e.g. the heart, it may be necessary to restrict the 
imaged depth and/or the width of the image. 



Figure 2.5 Transducer construction. A: A cross-section through 
an ultrasound transducer. B: The beam can be focused by adding 
an acoustic lens to the transducer face, resulting in a narrower 
beam in the focal region. 


TRANSDUCERS AND BEAM FORMING 

Transducer construction 


The transducer is one of the most important components of the 
ultrasound system and its performance is critical to the quality of 
the ultrasound image. 

Ultrasound pulses are produced by the transducer, which con¬ 
verts the electrical signal supplied by the processor into a corre¬ 
sponding ultrasound wave. At the heart of the transducer is a thin 
wafer of piezoelectric material with metal electrodes on each side 
of it as illustrated in Figure 2.5A. The piezoelectric material is 
normally a ceramic made from lead zirconate titanate (PZT). A 
fluctuating electrical voltage applied to the electrodes causes a cor¬ 
responding change in the thickness of the element, generating a 
sound wave in the adjacent medium. When an echo is received back 
at the transducer, the thickness changes induced by the sound wave 
are converted back into an electrical signal at the electrodes. 

A major challenge in the design of the ultrasound transducer is 
that of transmitting the ultrasound energy from the PZT element 
into the soft tissues of the body. As described in Chapter 1, when 
a travelling ultrasound wave encounters an interface where there 
is a large change in acoustic impedance, most of the energy is 
reflected back and little is transmitted into the next medium. As the 
mismatch between the impedance of the PZT (approximately 3000 
rayls) and soft tissue (about 1.5 rayls) is very large, a matching layer 
must be used between the two, which has an intermediate value of 
acoustic impedance. If the thickness of this layer is also equal to one 
quarter of the wavelength of the ultrasound wave, transmission 
efficiency is further improved. Normally, several matching layers 
are used to optimise transmission over a range of frequencies. Such 
improvements in coupling to tissue convert electrical energy more 
efficiently into transmitted ultrasound energy and improve the sen¬ 
sitivity of the transducer to weak returned echoes. 

The range of frequencies that a transducer can respond to effi¬ 
ciently is referred to as its bandwidth. A short ultrasound pulse, as 
required for imaging, contains a relatively wide range of ultrasound 
frequencies above and below the nominal transmit frequency 
(approximately ±20%) and the transducer must be able to respond 
to these to maintain a short pulse. When stimulated by an electrical 
signal, the piezoelectric wafer has a tendency to resonate or ring 
like a bell at its natural frequency, giving a narrow bandwidth and 
a long ultrasound pulse. To maintain a short pulse, suitable for 
imaging purposes, a backing layer (also called a damping layer) is 


Ultrasound transducer construction 

• Ultrasound pulses of the required frequency are produced by the 
transducer using the piezoelectric effect. 

• The piezoelectric element within the transducer is a thin wafer of 
PZT. 

• A matching layer must be used to improve transmission of 
ultrasound into soft tissue. 

• A backing layer is used to reduce ringing in the PZT wafer and 
give a short pulse. 

• Transducer bandwidth can be improved by reducing the acoustic 
impedance of the PZT wafer. 

• A lens on the front face of the transducer focuses the beam to 
make it narrower. 


added to the wafer, which absorbs some of the vibrational energy 
and causes any resonance to die out quickly. Modern transducers 
extend this process by employing more effective techniques for 
transmitting ultrasound energy through the front face of the trans¬ 
ducer into the tissues. For example, by cutting a cross hatch of slots 
through the PZT wafer and filling them with materials of low 
acoustic impedance, the overall acoustic impedance of the wafer 
can be reduced, reducing the mismatch to the soft tissues. By 
extracting more acoustic energy from the transducer into the tissues, 
the tendency to resonate is reduced and the bandwidth is increased. 
Modern transducers can have bandwidths that extend to ±70% of 
the centre frequency. Wide bandwidth transducers can be driven at 
a range of frequencies selected by the user (multi-frequency trans¬ 
ducers) and make techniques such as harmonic imaging possible 
(see 'Image processing' section, below). 

The width of the ultrasound beam that is produced by the trans¬ 
ducer can be reduced by focusing. In a simple transducer as in 
Figure 2.5A, this can be achieved by adding an acoustic lens to the 
front surface. This acts like an optical lens, forming a focal region 
about a specific focal length F (Fig. 2.5B) in which the beam is nar¬ 
rower than an equivalent unfocused beam. The reduction in the 
width of the ultrasound beam gives improved resolution of small, 
adjacent targets. 

Image formats 


To form a 2D ultrasound image, the ultrasound beam produced by 
the transducer must be moved in sequence, to a large number of 

























Transducers and beam forming 






Linear array Trapezoidal array Curvi-linear array 

Curvi-sector array 

Figure 2.6 Common types of array transducer shape and image format. 



Sector phased (steered) array 






Figure 2.7 Endo-cavity transducers. A: An 8-4 MHz curved 
array endo-vaginal transducer. (Courtesy of Siemens Healthcare.) 
B: A 7-3 MHz trans-oesophageal phased array transducer, which 
can be rotated to acquire a 3D data set. (Courtesy of Siemens 
Healthcare.) C: An endo-anal transducer for urological studies. 
(Courtesy of BK Medical.) 
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adjacent positions within the tissues, as described earlier. For most 
applications, this movement is achieved electronically using a 
transducer, which has an array of elements (typically 128 or 256). 
Array transducers are available in a variety of shapes, giving a 
choice of image formats for different applications. Figure 2.6 shows 
a range of common types of array transducers for transcutaneous 
imaging. Sector transducers are used where access to the target 
tissues is through a narrow acoustic window, e.g. approaching the 
heart through an intercostal space between the ribs. Linear and 
curved array transducers are used where a wide anterior field of 
view is needed and access is not limited by regions of bone or gas, 
e.g. in the upper abdomen, neck or peripheral vasculature. Endo- 
cavity transducers use small transducer arrays mounted on a suit¬ 
able stem for insertion into body cavities as shown in Figure 2.7. 
These can bring the transducer into closer proximity to the target, 
allowing the use of higher frequencies and avoiding intervening 
obstructions such as gas or bone. 

All array transducers make use of one or both of two methods to 
scan the beam through the tissues. The beam can be electronically 
stepped to different positions along the array or steered in different 
directions. 

The stepped array 


Figure 2.8 illustrates the stepped array principle for a linear array 
transducer. As explained in Chapter 1, in order to produce a rela¬ 
tively parallel-sided ultrasound beam, the active transducer width 
or aperture must be at least 10 times the wavelength of the ultra¬ 
sound wave. As each element in a typical array is only about 1 
wavelength wide, the electrical pulse waveform is applied simulta¬ 
neously to a group of say 10 adjacent elements, e.g. elements 1-10. 
The echo signals received back at these elements can be added 
together also to form the first B-mode line. When this first pulse- 
echo cycle is complete, the beam position is stepped along the array 
by applying the pulse to elements 2-11 and adding the returned 
echoes from these. By continuing this process, the beam can be 
stepped along the whole array to form a large number of closely 
spaced B-mode lines. 

The stepped array process is used with linear array transducers 
and with curved array transducers, which are simply an array 
of elements mounted onto a curved surface to give a curved field 
of view. 

The steered array 


In the steered array transducer (also known as the phased array 
transducer), the beam is steered in adjacent directions rather than 
stepped to adjacent positions. The array elements are very narrow, 
so the total length of the array is only 1.5-2 cm. The electrical trans¬ 
mission pulse is applied to all elements on each pulse-echo cycle 
and the beam direction is controlled by staggering the times at 
which the electrical pulse is applied to each element. 


As the array elements are less than a wavelength wide, when 
excited by the electrical pulse waveform, they produce a wave that 
is roughly circular in shape (in the image plane). If the electrical 
pulse is applied to all elements simultaneously, as illustrated in 
Figure 2.9A, the circular waves merge to form a flat wavefront and 
a collimated beam in the straight ahead direction. If element 1 is 
fired first, followed after a very short delay by element 2, then 
element 3 and so on, by the time the last element is fired, the circular 
waves from the others have travelled various distances into the 
tissue and they merge to form a wavefront that propagates at an 
angle to the straight ahead direction (Fig. 2.9B). 

When the echoes are received, similar delays are applied before 
they are added together. By steadily increasing the delay between 
elements on each successive pulse-echo cycle, the beam is steered 
further away from the straight ahead position. Angles of up to ±45° 
can be achieved by this technique. 

Other beam steering applications 


Beam steering is used with some linear arrays to form a trapezoidal 
field of view (Fig. 2.6). Here, a half sector is added to each side of 
the normal rectangular field of view using beam steering with a 
group of elements at each end of the array. 

Beam steering is used by some manufacturers with linear array 
transducers to generate images of a target from a number of differ¬ 
ent directions. The direction of the beams from the linear array may 
be steered in up to nine different directions on successive image 
frames, giving a so-called compound image. This technique helps 
to give more complete images of curved organ or lesion boundaries 
and helps to average out image speckle. However, the frame rate 
is reduced, as each complete compound image takes longer to form. 

Beam steering is used with pulsed Doppler systems (see 'Doppler 
ultrasound' section, below) to improve the angle at which the 
Doppler beam interrogates vessels that lie parallel to the skin 
surface. 


Transmit 

pulse 


ilf 




(A) When the electrical pulse is applied to all elements simultaneously, 
the circular waves from each merge to form a flat wavefront and a 
collimated beam in the straight ahead direction 


Matching layer Acoustic lens 



Transducer element array 


Line 1 

Line 2 

Line 3 


Active aperture 


(a) Cut-away of a linear array transducer, 
showing array elements, matching 
layer and cylindrical lens 


(b) The active aperture is stepped 
along the array on each 
pulse-echo cycle 



(b) If each element is fired in turn after a short delay, a wave is formed 
which propagates at an angle to the straight ahead direction 


Figure 2.8 The linear, stepped array transducer. 


Figure 2.9 The steered array principle. 
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Transducers and beam forming 



(a) Transmit focus: if the outer elements are fired first with increasing delays 
towards the central elements, a converging wavefront is formed which 
produces a focused transmit beam 



(b) Receive focus: in reception, delays are applied to the signals received at 
each element before they are added together. The delays are calculated 
for each target depth so that the receive focus tracks the current receive 
depth, producing a much narrower receive beam 

Figure 2.10 Electronic focusing. 


Electronic focusing 


Focusing of the beam in the scan plane can be achieved in both 
stepped and steered arrays by controlling the timing of signals to 
and from the active elements. In Figure 2.10A, the outer elements 
of the active area are fired first, followed after small delays by 
consecutive element pairs towards the centre. The circular waves 
from the individual elements add together to form a concave wave- 
front, which converges to a focus, reducing the width of the beam. 
Increasing the delay time between elements reduces the distance of 
the focus from the transducer. 

The transmitted pulse is normally focused to a depth chosen by 
the user via the machine console and has a single value for each 
transmission. In reception, as the depth from which echoes are 
being received is known from the time after transmission, dynamic 
control of the echo delays is applied so that the receive focus effec¬ 
tively tracks the echo source. Focusing is applied for each point 
along the line by calculating the travel time to each receive element 
and then aligning the received signals in time before adding them 
together. The resulting receive beam is much narrower than the 
transmit beam (Fig. 2.1 OB). 

Aperture control 


Focusing is most effective when the aperture width, i.e. the active 
length of the transducer, is similar to the focal depth. If the focal 
depth is much greater than the aperture width, then the focusing 
effect is weak. As the depth of the focus is increased by the user, 
the active aperture width would normally be increased to maintain 
effective focusing. For linear array transducers, the aperture can be 
increased potentially to the full length of the array, maintaining an 
effective focus to large depths (Fig. 2.11). For curved arrays and 
phased arrays, the maximum aperture is restricted by the geometry 



(b) A higher ratio of aperture a to 
focal depth Fean be maintained 
in linear arrays by increasing the 
active aperture at larger depths 

Figure 2.11 Aperture control and focusing. 

of the transducer and so focusing is less effective at large depths, 
leading to poorer resolution in these regions of the image. 

The beam former 


In modern ultrasound systems, the beam manipulation techniques 
described above are all implemented using digital techniques in a 
component of the ultrasound system known as the beam former. 1 
The beam former is programmed to activate a chosen group of ele¬ 
ments to transmit a focused pulse. Echo signals are then received 
by the elements within the active aperture. These are converted into 
digital format and stored temporarily as a data series for each 
element. The beam former then uses the stored element data to 
create B-mode lines by applying the techniques described above. 
By using more than one beam former, the same stored element 
signals can be used to form several adjacent B-mode lines at the 
same time, reducing the time needed to form each image. 

Elevation focusing 


While electronic focusing techniques can be used to produce a beam 
that is very narrow in the direction along the scan plane, focusing 
at right angles to the scan plane, the slice thickness direction, often 
relies simply on a fixed acoustic lens as shown in Figure 2.12A. This 
fixed and relatively weak focusing results in a slice thickness that 
is much greater than the in-plane beam width. A large slice thick¬ 
ness can result in poor visualisation of small cysts and blood vessels. 
Slice thickness can be reduced near to the transducer by the use of 
arrays containing several parallel rows of elements rather than just 
one. These are referred to as 1.25D, 1.5D, 1.75D, 2D multi-row or 
matrix transducers according to the level of technology employed 
(and manufacturer terminology). In a 1.25D array, the multiple 
rows are used simply to give aperture control, reducing the number 
of rows used for superficial targets (Fig. 2.12B). The 1.5D array also 
employs electronically controlled focusing in elevation but the rows 
are paired to give symmetric delays. The 1.75D array has independ¬ 
ent control of delays to each row. 

3/4D transducers 


The beam manipulation techniques described so far result in a real¬ 
time, cross-sectional image, which allows the anatomy to be exam¬ 
ined, slice by slice, as the transducer is moved by the operator. The 


(A) The ratio of aperture a to focal depth 
F is restricted for sector transducers 
leading to weak focusing 
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3D transducer is used to acquire image data from a 3D volume of 
tissue. Here, the transducer is held in a fixed position by the opera¬ 
tor as the image plane is swept sideways automatically through the 
target volume and a set of 2D images stored. 

Two types of transducer designs are available to carry out 3D 
volume acquisitions. The most common type contains a curvilinear 
array mounted on a swivel within a small water bath in the trans¬ 
ducer head (Fig. 2.13A). To acquire a 3D volume, the array is 
rotated slowly by an electric motor, sweeping the image plane 
sideways through the tissues. The orientation of the scan plane is 
measured by an angle sensor coupled to the motor. The operator 
holds the transducer assembly steady as a set of 2D curvilinear 
images is acquired. 



(A) The slice profile for a linear array 
transducer with a single row of 
elements 



(b) The slice thickness can be reduced 
near to the transducer in the 1.25D 
array by using only the middle row 
of elements for superficial targets 


Figure 2.12 Elevation focusing and slice thickness. 


The alternative type of transducer that can be used for 3D acquisi¬ 
tion is the square array transducer, which uses a square matrix of 
transducer elements, e.g. 128x128 (Fig. 2.13B). This type of trans¬ 
ducer can be used in phased array mode to produce a sector image 
in one plane as described earlier. Using beam steering in the orthog¬ 
onal plane, the sector image can then be swept sideways on each 
successive frame to interrogate a pyramid-shaped 3D volume of 
tissue. 

Both types of transducer can be used to produce continuously 
updated volume data sets by repeating the volume acquisition 
process. The repeat rate of the resulting 4D images may be quite 
low due to the time required to form a set of 2D images. By restrict¬ 
ing the depth of the images and the angle of the acquired pyramid 
of data, image update rates of up to 30 per second can be achieved 
using a square array transducer. 

Perhaps the most widely useful application of 3D transducers is 
in the acquisition of a single volume data set from the target tissues 
in the form of multiple adjacent planes. If the 3D volume data set 
is stored, it can be interrogated and displayed in several ways. The 
set of 2D views of the original scan plane being swept through the 
tissues can be reviewed. Similar views can be displayed of a set of 
sections orthogonal to the original 2D plane. 2D images can also be 
created at a range of depths in a plane parallel to the transducer 
face (C-scan). This plane is one that is not normally accessible with 
a standard 2D transducer. The 3D data set can also be processed 
for display in various viewing modes including see through 
view and surface rendering, where a 3D surface corresponding to 
the skin surface, for example, is segmented from the data and 
displayed. 2 Surface rendering is most effective where the surface of 
interest is adjacent to a region of fluid (e.g. in obstetrics), so that the 
surface echo can be detected automatically by the system 
processor. 

Mechanical transducers 


The 2D transducers described so far have all used multi-element 
arrays, which stepped or steered the beam position by manipulat¬ 
ing the active aperture or the timing of the transmit waveforms and 


Image plane 
swept sideways 
through tissues 
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(A) A 3D volume can be imaged using a 2D curvilinear 
transducer which is rotated by an electric motor 



(b) The square array transducer has a square matrix 
of elements, which can steer the beam to image 
a pyramidal volume 


Figure 2.13 3/4D transducers. 




















Image processing 




Display 


Figure 2.14 B-mode system block diagram. 


Array transducers and beam formation 

• The transducer contains an array (>100) of elements, which are 
used to move the beam electronically. 

• The beam may be manipulated to form sector, rectangular or 
trapezoidal fields of view. 

• The beam may be stepped along the array by moving the active 
aperture. 

• The beam may be steered in different directions by phasing the 
signals to and from each element. 

• Electronic focusing is achieved by varying the signal timing across 
the active aperture. 

• The transmit beam is focused electronically to a depth selected 
by the user. 

• In receive, focusing tracks the depth of the target. 

received echoes to and from the elements. The earliest real-time 
scanners used single element transducers, which were physically 
moved to sweep the ultrasound beam through the target tissues. 
This technique is now confined to less common applications such 
as intravascular ultrasound scanning and specialist applications 
such as high-frequency (40-60 MHz) imaging of the skin or small 
laboratory animals. The fabrication of arrays to work at high fre¬ 
quencies is difficult, but the small size and weight of high-frequency 
transducers makes them suitable for intravascular work and linear 
mechanical scanning at high frame rates. For intravascular applica¬ 
tions, a single element transducer mounted on a catheter tip is 
rotated with the beam at 90° to the axis of rotation, as for the beam 
from a lighthouse, sweeping out a circular field of view. Miniature 
cylindrical arrays have also been used for this purpose. 


IMAGE PROCESSING 


Figure 2.14 is a simplified block diagram of the main components 
of an ultrasound imaging system. The beam former and transducer 
produce the sets of B-mode lines required to construct each indi¬ 
vidual frame as described above. To form a useful B-mode image, 
the lines of echo signals must be processed in a number of ways 
before the image is built up and stored in the image memory. 
Further image processing takes place when the image is read out 
of the image memory, before it reaches the display screen. Although 
the diagram implies that the processing steps follow beam forma¬ 
tion, some signal conditioning must take place immediately after 


the transducer elements to prepare the signal for digitising. All 
subsequent processing operations, including beam forming, are 
then carried out using digital techniques. 

Time gain compensation (TGC) 


As explained in Chapter 1, ultrasound waves are attenuated as they 
propagate through tissues. Hence echoes arising from deep targets 
are weaker than those from similar targets nearer to the transducer 
(Fig. 2.15A). The B-mode image is required to display similar targets 
with the same brightness regardless of their depths. As the target 
depth is known to increase with time of arrival of the echo, attenu¬ 
ation can be compensated for by increasing the amplification or 
gain applied to the echoes with increasing time of arrival after 
transmission (Fig. 2.15B). The technique is called time gain compen¬ 
sation (TGC). The machine normally applies a base level of TGC 
appropriate to the frequency of the transducer, but the operator can 
make further adjustments to the gain level applied to each depth 
via controls (usually slide controls) on the console as shown in 
Figure 2.15C. The operator can also adjust the overall brightness of 
the displayed echoes via an overall gain control. 

Dynamic range 


Echoes received at the transducer may arise from a range of pos¬ 
sible target types giving rise to a wide range of echo strengths. An 
interface between tissue and gas reflects almost 100% of the pulse 
energy and gives rise to a very strong echo (assuming it is directed 
back to the transducer). A tissue/tissue interface, e.g. liver/kidney, 
can reflect up to 1% of the energy and is still considered to be a 
relatively strong reflector. Most of the echoes that form the image 
are due to scattering from small structural details within tissues. 3 
These are very much weaker than interface echoes (by a factor of 
about 1 million), but still contain important diagnostic information 
(Fig. 2.16A). 

Echoes from large interfaces, such as organ boundaries, show 
anatomical structure and organ size and shape, while scattered 
echoes from organ parenchyma can show internal pathology or 
lesions. For effective ultrasound diagnosis, it is necessary to display 
both types of information at the same time. 

Echo strengths are normally expressed in decibels (dB) with 
respect to a reference level rather than a percentage or factor. The 
dB simply expresses a ratio on a logarithmic scale, allowing the 
numbers to be added rather than multiplied, as for factors and 
percentages. A factor of 10 (in energy or intensity) is equivalent to 
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(A) Echo signals received at the transducer 
become weaker with increasing 
depth/time of arrival due to attenuation 



(b) TGC is used to compensate for attenuation 
so that echoes from similar targets are the 
same size regardless of target depth 


Figure 2.15 Time gain compensation (TGC). 



(C) The user can adjust the TGC 
via slide controls on the 
console 
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(A) Echo sizes from different target types. (b) Echo signals before compression 
A 60 dB range of echo strengths must 
be displayed to include tissue interfaces 
and scattering 


Figure 2.16 Dynamic range (compression). 



(c) Echo signals after compression 


10 dB and a factor of 100 (=10x10) to 20 dB (=10 + 10) and so on. A 
factor of 1 million in pulse energy equates to 60 dB. 

To be able to display large interface echoes at the same time as 
scattered internal echoes, the system must be able to display a 60 dB 
range of echo strengths as brightness variations on the display 
screen. However, this is far greater than the typical maximum range 
of brightness levels (about 30 dB) that can be displayed by a typical 
modern flat screen display. The dynamic range of received echo 
signals must be compressed by the system processor to fit into the 
available dynamic range of the display. This is achieved by amplify¬ 
ing the weak echoes more than the large echoes (Fig. 2.16B and C). 
The user is able to alter the dynamic range of echoes displayed 
(sometimes labelled compression) for different applications via the 
machine controls. 

Harmonic imaging 


The processing described so far has assumed that the transmitted 
pulse consists of a few cycles of the chosen transmit frequency, e.g. 
5 MHz, and that the returned echoes are simply miniature versions 
of the same thing. However, at the relatively high pulse amplitudes 
transmitted by modern ultrasound imaging systems, propagation 
through soft tissues is non-linear and the transmitted pulse becomes 
distorted as it travels into the tissue. The effect is strongest in the 
centre of the ultrasound beam where the amplitude is highest. 
Distortion of the waveform is associated with the generation of 
harmonics or multiples of the original fundamental frequency that 
was transmitted. 


Harmonic energy is higher in high 
amplitude parts of the beam 


Reverberations from strongly 
reflecting targets result in 
image clutter due to weak 
echoes at f 0 f 0 2f 0 Frequency 






Clutter can be suppressed by removing 
the fundamental frequencies and forming 
the image from the first harmonic 


Figure 2.17 Harmonic imaging. 


When an image is formed from the original fundamental fre¬ 
quency that was transmitted, it may contain clutter due to weak 
echoes from beam side lobes or multiple reflections (reverberation) 
of the pulse between strongly reflecting features (Fig. 2.17). As 
harmonic generation is only significant where the pulse amplitude 
is high, the clutter can be reduced by removing the fundamental 































































































Image processing 



Figure 2.18 Pulse coding. The phase of the elongated transmit 
pulse is alternated according to a chosen digital code. The same 
code is embedded in a digital filter applied to returned echoes to 
pinpoint their time of arrival. 


frequency from the returned echoes and forming an image from the 
harmonic frequency. This is known as harmonic imaging. 4 As 
the energy at the harmonic frequency is always less than that at the 
fundamental, the system penetration may be reduced to some 
extent when operating in harmonic mode. 

To form a harmonic image, the transducer must be able to trans¬ 
mit the fundamental frequency, but also receive the second har¬ 
monic (twice the fundamental). Hence a transducer with a wide 
frequency response is required. The harmonic image can be formed 
by applying a frequency-selective filter to the returned echoes, 
which rejects the fundamental frequency but allows through the 
harmonic frequency. 5 

Harmonic images can also be produced using a method called 
pulse inversion. In this method, two pulse-echo cycles are used to 
form each B-mode line. In the first cycle, a short imaging pulse is 
transmitted and echoes received as normal and stored. Then a 
second pulse, which is an inverted version of the first, is transmitted 
along the same path and echoes received. The second line of echoes 
is subtracted from the first. In low amplitude parts of the beam, 
where there is little distortion of the transmitted pulse, the lines of 
echoes cancel out. In the high-amplitude regions, the lines of echoes 
generated from the distorted normal and inverted pulses contain 
energy at the fundamental and second harmonic frequencies. The 
fundamental parts cancel out leaving the second harmonic parts to 
form the image. 

Pulse coding 


The maximum depth from which echoes can be received is deter¬ 
mined by the attenuation of the pulse and returning echoes by the 
tissues they pass through. Higher frequencies give improved image 
resolution but suffer more rapid attenuation and hence reduced 
penetration of tissues. For a given frequency, penetration can be 
improved by using a longer transmitted pulse, making its echoes 
easier to detect. However, the increased pulse length degrades 
the axial resolution of the system. Pulse coding techniques allow 
the use of long transmit pulses while maintaining good axial 
resolution. 6 

The long transmit pulse is divided into time segments in which 
the phase of the wave is alternated according to a predetermined 
code (Fig. 2.18). When the echoes are received, they are passed 
through a digital filter which is programmed to search for the code. 
When a match is detected, the time at which it occurs gives the 
effective time of arrival of the echo, restoring the axial resolution. 
Pulse coding allows greater penetration to be achieved at higher 
frequencies. 




(a) Undemodulated RF echo signal (b) Demodulated echo signal 
Figure 2.19 Demodulation. 


B-mode instrumentation and processing 

• Time gain compensation (TGC) is used to compensate for 
increasing attenuation of echoes with depth. 

• The dynamic range of echoes must be compressed to display 
reflected and scattered echoes simultaneously. 

• Harmonic imaging may be used to reduce reverberations and 
clutter in the image. 

• Pulse coding may be used to increase penetration for a given 
frequency. 

• Echoes must be demodulated to remove the transmit frequency 
before image formation. 

• Post-processing is applied as the image is read out from the 
image memory. 


its harmonics. This is referred to as the radio-frequency or RF signal. 
The brightness value that is displayed at each point in the image is 
related to the amplitude or envelope of the RF signal. The final 
processing step in forming the B-mode image is to remove the 
radio-frequency element of the signal to leave the envelope signal. 
This process is referred to as demodulation (Fig. 2.19). 

Image memory 


Following the various processing steps described above, the B-mode 
lines are written into the image memory to form the image as an 
array of pixels similar to an image in a digital camera. The dimen¬ 
sions of the image in the memory array are typically 1200 x 1200 
pixels, with each pixel capable of storing up to 256 different grey 
levels (8 bits). As for a digital camera, the system is capable of 
storing many images (over 2000 for some models) and successive 
frames are stored in a cine memory until the memory is full. The 
first image stored is then overwritten so that the last frames are 
always stored. The chosen image is read out from the image 
memory in a raster pattern which is synchronised to that of the 
display monitor. 

The image can be written to the image memory and read out in 
a number of different ways. If the image memory is being con¬ 
stantly updated with new images and the last image to be formed 
is always read out to the display, a real-time, moving image is 
displayed. In freeze mode, new images are not written into the 
memory and the last image stored is read out repeatedly to the 
display monitor. In cine loop mode, the writing process is again 
frozen but the whole sequence of stored images is read out in a 
repeated cycle showing the last 30 seconds or so of the real-time 
image. 


Demodulation Field of view and zoom 


All of the processing steps described so far have been applied to When images are written to the image memory, they are scaled to 
signals that contain the original ultrasound transmit frequency or match the field of view, chosen by the operator, to the memory 

































CHAPTER 2 • Basic equipment, components and image production 


n-7 n-6 n-5 n-4 n-3 n-2 n-1 n 


Rolling average of 5 frames 


u^> 


Figure 2.20 Frame averaging (persistence). 


dimensions. A specific region of interest within the image can also 
be chosen by the operator to fill the memory space, leading to the 
storage of a zoomed-in image (write zoom), rather like using a 
telephoto lens with a camera. A similar process can be applied 
when the image is read out. Here a region of the stored image can 
be chosen to be read out and fill the display screen. This is referred 
to as read zoom. The zoomed area can be moved around the stored 
image but may appear pixelated at large magnifications. 

Post processing 


When images are read out from the image memory, a number of 
further processing steps may be applied before they are sent to the 
display. These steps are referred to as post processing as they take 
place after image storage. 

Persistence is used to suppress fluctuating noise patterns in the 
image. As described earlier, the echo signals received by the trans¬ 
ducer from scattering within tissues, especially those from large 
depths, are very weak and may be contaminated by random elec¬ 
tronic noise produced in the processing electronics. The pattern of 
noise signals stored within each image is different and can be dis¬ 
tracting as it fluctuates when images are displayed in real-time 
mode. The random noise patterns can be suppressed by frame 
averaging, also known as persistence. This is achieved by display¬ 
ing an average of the last four or five images stored in the image 
memory (Fig. 2.20). Instead of displaying a given image pixel from 
the last frame, the average of the corresponding pixels from the last 
four or five frames is sent to the display. Random image noise 
is suppressed but moving targets may be smeared in the image if 
too many frames are averaged. The degree of persistence may be 
chosen by the operator. 

The gamma curve (also referred to as the grey map) is a form of 
post processing chosen by the user to emphasise particular ranges 
of echo amplitudes in the image. The amplitude values stored in 
the pixels of the image memory are represented in the image in 
terms of displayed image brightness or grey level. The way that the 
displayed grey levels relate to the stored values is controlled by the 
gamma curve. Different curves are available for the user to choose 
from according to the clinical application (Fig. 2.21). For example, 
a curve that assigns more grey levels to the lower amplitude signals 
(Fig. 2.21B) may be more suited to imaging of the liver where the 
most useful information is obtained from weak echoes scattered 
from the liver parenchyma. 

Various other post-processing techniques have been employed 
by manufacturers to enhance the displayed image. These include 
smoothing to reduce noise and speckle and edge enhancement to 
emphasise boundaries such as vessel walls. Adaptive processing 
techniques analyse the image to identify features such as bounda¬ 
ries. These can then be enhanced by smoothing along the boundary. 
Other areas are smoothed to reduce noise and speckle. 


DOPPLER ULTRASOUND 


The ultrasound imaging techniques described so far have all been 
based on the assumption that during the formation of each image. 






Figure 2.21 Post-processing gamma curves. A: Linear. 

B: Enhancement of weak echoes. C: Enhancement of higher 
level echoes. D: Enhancement of mid-range echoes (s-curve). 


the reflecting or scattering targets remain stationary. The rapid suc¬ 
cession of images, which forms the real-time display, shows tissue 
movements, e.g. the heart wall, as a progressive change in position 
through consecutive frames. Ultrasound is an important diagnostic 
tool in the study of blood flow in arteries and veins but, due to the 
homogeneous nature of blood and its weak scattering, makes use 
of the Doppler effect to detect movement. 

Continuous wave Doppler (CW) 


As explained Chapter 1, when a transmitted continuous wave of 
ultrasound is scattered by flowing blood, the frequency of the 
received echo signal is shifted due to the Doppler effect, by an 
amount related to the velocity of the blood. The Doppler shift fre¬ 
quency / D can be used to measure and monitor the blood flow 
velocity. In the simplest Doppler ultrasound system, a dual element 
transducer is used with one element transmitting continuously and 
the other receiving, as shown in Figure 2.22A. Blood movement can 
be detected in vessels that pass through the region where transmit 
and receive beams overlap. To extract the Doppler shift frequency, 
the received echo signal (at frequency/ R ) is mixed with a sample of 
the transmit frequency (/ T ). The resulting signal contains compo¬ 
nents at frequencies/ T +/ R (at several MHz) and / T -/ R (at several 
kHz), which is the Doppler shift frequency/ D . The MHz compo¬ 
nents are then filtered out to leave the Doppler shift frequency, as 
shown in Figure 2.22B. As this frequency is in the audible range, 
the observer can listen to it via headphones or a loudspeaker. Con¬ 
tinuous wave Doppler is used widely to monitor blood flow in 
superficial arteries, which can be located without image guidance, 
or in vessels with very high flow velocities, such as the ascending 
aorta. However, it cannot separate signals from multiple blood 
vessels which fall within the beam overlap region. Locating deeper 
vessels is also difficult with CW Doppler. 

Pulsed wave Doppler (PW) 


Pulsed wave Doppler is used in conjunction with a B-mode image, 
facilitating the location and identification of vessels. This is referred 
to as duplex imaging. The pulsed wave method also allows spatial 
separation of signals from adjacent vessels. In pulsed Doppler 
systems, a relatively long pulse of ultrasound (say 10 cycles) is 
transmitted. As for B-mode imaging, a continuous series of echoes 
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Figure 2.22 Continuous wave Doppler. A: System block diagram. B: The demodulation process. 


PRF 

clock 


Gate 



Transmit 


frequency 

% 


Delay 


Receiver 


Mixer 


amplifier f R 


(f T xy 



Low pass filter 

w 

(f T -y 


Sample 



Low pass 
filter 


Doppler shift 
frequency f D 


Figure 2.23 A pulsed wave Doppler system block diagram. 

PRF, pulse repetition frequency. 



Figure 2.24 The pulsed Doppler sample volume and angle 
cursor are adjusted by the operator to align with the vessel of 
interest. 


of the pulse is then received from increasing depths, following each 
transmission. The returned signals are processed as for CW Doppler 
to extract the Doppler shift frequencies. Doppler signals from a 
specified blood vessel are then isolated for further processing by 
the use of a time gate, which allows through only those signals 
corresponding to the depth of interest (Fig. 2.23). The position of 
the time gate (the sample volume) is indicated on the B-mode image 
by cursors (Fig. 2.24). The user adjusts the position of the Doppler 
beam and the depth (or range) of the sample volume along it, so 
that the sample volume is located over the vessel of interest. As this 
is a pulse-echo technique, the same transducer or active aperture 
can be used to transmit and receive. The user also adjusts the angle 


of a cursor in the centre of the sample volume to indicate the direc¬ 
tion of blood flow to the system. 

The process for extracting the Doppler shift frequency is similar 
in principle to that used for CW Doppler. However, the received 
signal now consists of one brief sample of the Doppler frequency 
from the depth corresponding to the target vessel, for each trans¬ 
mitted pulse (Fig. 2.25). These can be thought of as a set of samples 
of the equivalent CW Doppler shift frequency. The value of each 
sample is determined by the phase relationship between the cor¬ 
responding / R sample and the reference transmit frequency / T . The 
continuous Doppler shift frequency signal is constructed from the 
samples by low pass filtering. 7 
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The pulsed Doppler gating process gives a sample 
of the Doppler shift frequency for each pulse echo cycle 



The Doppler frequency is reconstructed 
by further smoothing and filtering 

Figure 2.25 Pulsed Doppler demodulation. 
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(b) These are removed using a high pass filter 


Figure 2.26 High pass filtering of the Doppler signal. 


For both CW and pulsed Doppler, further signal mixing and 
processing is then used to separate signals from flow towards the 
transducer and flow away from the transducer. 

High pass filtering 


The Doppler shift signal in CW and pulsed Doppler systems con¬ 
tains several components as illustrated in Figure 2.26. The strongest 
signal components are those due to reflection and scattering from 
stationary or slowly moving tissues and tissue boundaries. These 
are associated with low Doppler shift frequencies. Blood flow veloc¬ 
ities can range from zero (during parts of the cardiac cycle) to 
several metres per second, giving rise to Doppler shift frequencies 
up to several kHz. The signal due to scattering from blood is much 
weaker than that from tissue, however. A particular problem in 
arterial signals is the large signal from the slowly moving arterial 
wall which gives rise to a 'wall thump' in the audio signal. Such 
large signals from slowly moving tissues must be removed by filter¬ 
ing to allow the smaller blood signal to be analysed. This is done 
using a high pass filter, also known as a wall thump filter, which 
rejects the low-frequency Doppler shift signals. The cut-off fre¬ 
quency of this filter may be selected by the operator to reject the 
arterial wall signal with minimum loss of blood signal. 8 


Aliasing 


The sampled nature of the reconstructed pulsed Doppler signal 
leads to a major limitation of pulsed Doppler systems at high blood 
flow velocities. Each transmitted pulse leads to one sample of the 
Doppler shift signal. Hence the number of samples produced per 
second, the sample rate, is the same as the number of Doppler 
pulses transmitted per second, the pulse repetition frequency (PRF). 
To reconstruct a sine wave of a given frequency, it is necessary to 
have at least two samples for each cycle of the wave, i.e. the PRF 
must be at least 2/ D . If the Doppler frequency for flow towards the 
transducer (forward flow) increases to the point where the PRF is 
too low, it will appear instead as an aliased, reverse flow frequency, 
shifted downwards by an amount equal to the PRF. 

Aliasing is most likely to be a problem when the Doppler shift 
frequency is high (high blood flow rates and high transmit fre¬ 
quency) and the PRF is low (due to large target depth). 

Doppler frequency estimation and display 


Doppler signals can be observed by listening via headphones or 
loudspeakers, and the expert user can infer much about blood flow 
and disease states in blood vessels using this approach. However, 
objective assessments of many disease states can only be made by 
quantifying the blood flow velocity and other flow characteristics. 
This is done via the sonogram, which is a time varying display of 
the flow velocities within the Doppler sample volume (Fig. 2.27A). 

To generate the sonogram, the continuous Doppler signal is 
divided into a set of fixed time intervals, typically 10 ms in dura¬ 
tion. Each 10 ms section is then analysed, using digital Fourier 
transform methods, to create a distribution or histogram of Doppler 
frequencies. The distribution is displayed as a vertical line with the 
power of the signal at each frequency represented on a greyscale 
(Fig. 2.27B). Using the Doppler angle set by the user and the Doppler 
equation (Chapter 1), the system converts the Doppler frequencies 
to a velocity scale. Light grey or white areas in the display indicate 
velocities at which there are many blood cells flowing and 
dark grey areas where there are few. As consecutive 10 ms intervals 
are analysed, they are displayed as adjacent vertical lines creating 
a time-varying display of blood flow velocities and their 
distribution. 

The user can adjust the velocity and time scales of the display. 
As the precision of the frequency estimate is given by the inverse 
of the time interval (e.g. 100 Hz for a 10 ms sampling interval), slow 
sweep speeds (which use longer time intervals) give greater fre¬ 
quency (velocity) precision and vice versa. 

Doppler ultrasound instrumentation 

• The frequency of ultrasound scattered from moving blood is 
shifted due to the Doppler effect. 

• For typical transmit frequencies and blood velocities, the Doppler 
shift frequency is in the audible range. 

• Continuous wave Doppler may be used to study blood flow in 
superficial vessels. 

• Pulsed Doppler uses time gating to isolate Doppler signals from 
deeper vessels using B-mode image guidance. 

• High-amplitude low-frequency signals from slowly moving tissues 
and vessel walls must be filtered out using a wall thump filter. 

• The PRF used in pulsed Doppler systems must be at least twice 
the Doppler shift frequency to avoid aliasing. 

• The sonogram is used to display the time varying distribution of 
flow velocities within the Doppler sample volume. 


Colour flow imaging 


Pulsed Doppler systems, in conjunction with a sonogram display, 
are widely used to make detailed studies of flow velocities and their 
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intervals 

Figure 2.27 A: A sonogram from the carotid artery. B: To 
construct the sonogram, the velocity distributions in consecutive 
10 or 20 ms samples are displayed as adjacent vertical lines. 
The amount of blood flowing at each velocity is represented on 
a greyscale. 


distribution within a stationary sample volume placed within a 
blood vessel. Colour flow imaging systems give a real-time 2D 
image of blood flow patterns in blood vessels as a colour overlay 
on a B-mode image. Here the colour of the display, at each point in 
the image, represents the mean blood flow velocity at a given time. 

Colour flow imaging systems can be seen as an extension of the 
time gating approach from a single sample volume to multiple 
adjacent sample volumes along the Doppler beam. The beam is also 
swept through the region of interest as in B-mode image formation, 
to form a 2D colour map. However, the time restrictions imposed 
by real-time 2D image formation require different techniques to be 
used for removal of stationary tissue echoes and for Doppler fre¬ 
quency estimation. Whereas frequency analysis in the sonogram is 
performed on a 10 or 20 ms sample of the Doppler signal, each line 
in the colour flow map must be formed in about 1 ms to allow real¬ 
time display. 

For each line in the colour flow image, the beam is held in the 
same position for a number of pulse-echo cycles (typically eight). 
The number of pulses transmitted in this sequence is referred to as 
the ensemble length. As illustrated in Figure 2.28, the received 
echoes are mixed with the transmit frequency and filtered to extract 
the Doppler shift frequency as for CW and pulsed Doppler systems. 
No gating is applied as Doppler signals are required from all depths 
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Figure 2.28 Colour flow imaging system block diagram. 

PRF, pulse repetition frequency. 


along the line. To remove the large echoes from stationary and 
slowly moving tissues, a technique called delay line cancellation is 
then used rather than filtering. Each line of echoes in the ensemble 
is stored digitally and compared with the next one by subtracting 
one from the other. This removes echoes from stationary targets, 
which do not change, while preserving signals from those that are 
moving, as they do not cancel out. Modern systems use more elabo¬ 
rate versions of this technique to give enhanced separation of sta¬ 
tionary echoes. 

Estimation of the Doppler shift frequency is most commonly 
carried out by a technique called autocorrelation. 7 In essence, each 
line of Doppler signals generated by each pulse-echo cycle in the 
ensemble is compared with the one before it. The rate at which 
the phase of the signal, at each point along the line, changes in the 
interval between one line in the ensemble and the next leads to an 
estimate of the Doppler frequency at that point in the line. By 
extending this process over the ensemble of pulses, an estimate of 
the mean frequency is obtained for each point along the line. Mean 
frequency is represented in the image on a colour scale, commonly 
using red for flow towards the transducer and blue for flow away 
(Fig. 2.29). Low frequencies are displayed as dark shades of red or 
blue leading, with increasing frequency, to lighter shades through 
to white. The display normally includes a colour wedge showing 
the range of available shades of red and blue next to a correspond¬ 
ing velocity scale. The velocity scale indicates the component of 
blood flow velocity in the direction of the Doppler beam (i.e. not 
corrected for Doppler angle). 

The autocorrelator can also give an estimate of the variability of 
the Doppler frequency during the ensemble for each point along 
the line. This is expressed in terms of the variance of the signal and 
is used to display an alternative form of colour map which can 
indicate the degree of disturbance in the blood flow in the vessel. 

Limitations of colour flow imaging 


As the mean frequency values displayed in each line of the colour 
flow image are estimated from the set of samples obtained from 
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Figure 2.29 A colour Doppler display, showing blood flow in 
the carotid artery. Mean velocity with respect to the angle of the 
Doppler beam is shown on a colour scale. 


each ensemble, colour flow images are also affected by aliasing. 
Aliasing of the red channel shows as a sudden inversion to dark 
blue and vice versa. As for pulsed Doppler, aliasing occurs at high 
flow velocity, high transmit frequency and low PRF. The colour 
flow overlay is usually restricted to a region of interest to minimise 
line/image formation time and maximise the PRF. 

At the other end of the frequency scale, the precision of the fre¬ 
quency estimate and sensitivity of the system to low velocities 
is determined by the total sample time, which is the duration of 
the ensemble. Expanding the velocity scale will ensure that 
these parameters are optimised for detecting low frequencies 
(velocities). 

Power Doppler 


Colour flow imaging systems are very effective at showing varia¬ 
tions in flow velocity at different points and times in a blood vessel. 
Early systems had poor sensitivity to signals from small vessels, 
especially at low flow velocities. In cases where the requirement 
was simply to demonstrate the presence or absence of flow in small 
vessels, power Doppler was more effective. To create a power 


Colour Doppler instrumentation and processing 

• Colour flow imaging systems give a real-time 2D image of blood 
flow patterns in blood vessels as a colour overlay on a B-mode 
image. 

• The colour of the display at each point represents the current 
value of mean flow velocity. 

• Large echoes from slowly moving tissues and vessel walls are 
removed by delay line cancellation. 

• Mean frequency at each point in the image is estimated by 
comparing the phase of the Doppler signal on each line with the 
previous one. 

• Colour flow images are also affected by aliasing. 

• Power Doppler gives a real-time 2D image of the amount of 
blood flowing in a blood vessel. 


Doppler image, the autocorrelator module carries out a different 
calculation on the signals to give the power of the Doppler signal 
at each point along the line, rather than the mean velocity. The 
colour at each point is then related to the amount of blood flowing 
through the Doppler beam and not to its velocity. The power 
Doppler signal is less susceptible to noise and so can detect weaker 
flow signals. As it is not related to Doppler shift frequency, it is not 
affected by aliasing or by the Doppler angle. 
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INTRODUCTION 


Ultrasound images are dependent on two main factors: 

1. the scanning approach and manipulation of the transducer 

2. the transducer and ultrasound scanner combination used, its 
settings and the display. 

The quality of an ultrasound image may be varied significantly 
by altering either; learning good ultrasound scanning and image 
interpretation requires an understanding of both. 


Ultrasound users tend to prefer to hold the transducer with their 
dominant hand. The dexterity required and proprioception are 
important in understanding what is displayed on the screen as the 
user builds up a three-dimensional (3D) appreciation of the struc¬ 
tures under investigation from a large series of 2D images obtained 
from many views and in many planes. Practical manipulation of the 
transducer can only be effectively taught and learned by live scan¬ 
ning; books, although they can show the basic scanning approaches, 
are limited in teaching these skills. 

Ultrasound science texts tend naturally to concentrate on scanner 
setting, to explain, for example, the effect that gain, frequency or 
colour scale has on the image. These are important although the 
sheer number of parameters in some current scanners can be daunt¬ 
ing. This chapter will concentrate on the most important factors and 
changes that affect image quality. It is important that the main 
controls and their effect are rapidly learned. To use an analogy, 
many learner drivers spend a lot of time and effort worrying about 
the basic controls of the car, effective use of the brakes, clutch, gears 
and how best to employ them in three-point turns or hill starts. They 
can become fixated on learning special manoeuvres. Good driving 
is, however, dependent on awareness of what is going on in the 
road and driving safely to suit the conditions and environment. In 
order to get to that point, the controls and their use should become 
second nature. So it is with ultrasound. Look at an experienced 
sonographer and youTl notice her hand flicking at gain, TGC, fre¬ 
quency, harmonics, scale controls without looking at the keyboard, 
her eyes focused on the image and her mind concentrated on the 
information within it. 

The chapter will cover the major controls of ultrasound scanners, 
showing their effect on images and measurements obtained from 
them. Suggestions are made as to how to optimise specific controls 
and settings. 


VARIATION IN ULTRASOUND SCANNERS 
- CONTROLS AND NOMENCLATURE 


There are currently a wide range of ultrasound scanners available, 
from small portable scanners with a minimum of user-controls to 
sophisticated 'flagship' models with menus and sub-menus of com¬ 
mands to effect a range of options for 2D, 3D and other modalities. 
There is considerable variation in the layout of the controls (Fig. 3.1) 
and even how they are described. There is a similar lack of consist¬ 
ency in how, if and where settings are displayed on the screen. 
Ultrasound practitioners coming to a new machine are often con¬ 
fronted by difficulty in finding out how to use it well, in some cases, 
even how to switch it on. In a hospital where there may be several 
ultrasound scanners, the disparate functionality can be a source of 
difficulty and can lead to wasted time and suboptimal image 
quality. Practitioners using a machine for the first time should 
ensure that they are familiar with the main controls and their par¬ 
ticular operation. It is to be hoped that there will be a gradual 
standardisation of controls and their layout but there is no impera¬ 
tive to achieve this and the protective use of trade names used for 
marketing only adds to the confusion in nomenclature. 
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Figure 3.1 A and B: Control panels for two ultrasound scanners. Although there are a large number of keys and controls knobs, it is 
essential to know the location and function of a few important controls before starting to scan. The main controls for B-mode imaging are 
shown for these two scanners. TGC/DGC, time gain compensation/depth gain compensation. 


What follows is a description of the main factors for B-mode, 
colour flow imaging and pulsed wave spectral Doppler. Some of 
the minor controls and their effects will be discussed, but it is pos¬ 
sible that particular controls, perhaps used by individual manufac¬ 
turers, will not be covered. 

A fairly full list of controls and a brief description of their 
function is given in the summary boxes which follow later in the 
chapter, for B-mode, colour flow imaging and spectral Doppler. 
The lists are not comprehensive but an experienced practitioner 
should know why they might need to be altered and how to achieve 
this. For this chapter, the main controls chosen are those that it 
is important to use in everyday scanning. It is also a guide for those 
using an unfamiliar scanner for the first time. The following is a list 
of essential controls necessary for an operator to manipulate to 
achieve the optimum performance from the scanner. 

General controls and keys 


■ Change/choose/switch the transducer 

■ Enter patient data 

■ Application selection (for example abdominal/thyroid/leg 
veins/first trimester) 

■ Freeze the image 

■ Store images 

■ Review images. 

B-mode 


■ Frequency/patient or exam type 

■ Power 

■ Gain 

■ TGC 

■ Dynamic range 

■ Depth 

■ Focus (if the system has this) 

■ Harmonics 

■ Zoom function 

■ Compounding/adaptive processing (if the system has this) 

■ Measurements (callipers). 


Colour flow imaging (CFI) and power 
Doppler imaging 


■ Power 

■ Gain 

■ Scale 

■ Colour scale invert (not applicable to all power Doppler 
systems) 

■ Focus (if the system has this) 

■ Frequency/patient type 

■ Area selected for CFI 

■ For linear arrays - beam steering. 

Combination controls may be available that select several param¬ 
eters to optimise settings for particular applications (e.g. slow flow, 
fast flow). 

Pulsed wave spectral Doppler (PW) 


■ Power 

■ Gain 

■ Scale 

■ Baseline 

■ Invert 

■ For linear arrays - beam steering 

■ Angle correction 

■ Sample volume/gate size 

■ Measurements. 


TRANSDUCERS 

There are a wide range of transducers available for most scanners. 
When choosing a transducer, the main considerations are: 

■ transducer type, e.g. curvilinear/phased/linear array, 
endocavity 

■ the frequency range 

■ the size of the array: for example small linear array for 
paediatric and perioperative work 
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Application set-ups 


■ additional features, for example matrix arrays for dynamic 
focusing in the slice thickness/elevation plane. 

In recent years large frequency ranges have been quoted for some 
transducers and it is tempting to believe that a single transducer 
will have good performance over a wide range of depths. Transduc¬ 
ers are limited by physical constraints, in particular for focusing in 
the elevation plane. For example, a linear array optimised for super¬ 
ficial work will tend to have a narrower width in the elevation plane 
for more precise beam control in the near field. A linear array suit¬ 
able for investigation of deep vein thrombosis will have to have 
good performance from 1.5 to 5 cm depth; the width of the elements 
in the elevation plane is greater allowing better control of focusing 
here through a larger aperture but with reduced precision in the 
near field. Much depends on the standard of investigation required, 
but for optimum performance, a range of transducers is required. 

Figure 3.2 shows the range of transducers for one scanner for 
work in our vascular laboratory. In particular, we find it useful to 
have low-frequency curvilinear and phased arrays for abdominal 
vascular work. While the small aperture of the phased array leads 
to B-mode images that have poorer spatial resolution than the cur¬ 
vilinear array, the phased array has good colour sensitivity and is 
useful when overlying ribs restrict access of the curvilinear array. 


APPLICATION SET-UPS 


Different applications require different scanning parameters. For 
example, imaging a thyroid setting may use a high degree of frame 
averaging and multiple transmit focal zones to reduce speckle and 


provide a uniform image of tissue that is static. Such a setting 
would be less than optimum for the carotid artery next to it, where 
frame averaging and the slow frame rate resulting from multiple 
transmit pulses leads to blurring of the pulsatile wall. Applications 
keys set a large number of parameters for B-mode, colour flow and 
spectral Doppler to produce images appropriate for the particular 
application. As a first step they are useful; in most systems, users 
can modify these to produce their own preferred image appearance. 
The difference can be marked, as shown in Figure 3.3 where the 
aorta is shown with an abdominal setting and abdominal vascular 
setting. 

Patient type/frequency 


In some systems, further modifications can be made by altering a 
'patient type' or similar control. In one system, the type is easy, 
medium or difficult, in another the terms resolution or penetration 
are used. For difficult patients, a lower frequency or harmonics are 
used but other parameters are also altered. This is also a useful first 
step to improving images but the consequences for measurements 
may be unpredictable. As an example, the use of a difficult setting 
in the measurement of nuchal translucency may produce longer 
echoes from interfaces and a slightly smaller measurement. In a 
system where the frequency can be selected independently, the 
reasons for this are obvious and measures can be undertaken to 
standardise this. In controls and keys where manufacturers alter 
several parameters to improve the appearance of the image, it may 
not be obvious what the parameters are and how measurements or 
detectability are affected. As an example, images of a kidney with 
resolution and penetration settings are shown in Figure 3.4. 




Figure 3.2 Transducers used for vascular imaging. A: In the 

top row are a range of linear arrays with different frequency ranges 
and apertures for a range of paediatric and adult peripheral vascular 
applications. The middle row has three different curvilinear arrays 
with frequency ranges from 1 to 8 MHz. The two phased arrays 
have different transducer face formats, one for deep abdominal 
vascular applications and the other for transcranial Doppler imaging. 
There is some overlap between transducers but by having a range 
of transducers, optimal imaging can be achieved for the full range 
of applications. B and C: Longitudinal image of a kidney with a 
curvilinear transducer (B) and phased array transducer (C). Spatial 
and contrast resolution is better with the curvilinear array in this 
case. The phased array may be useful if there is restricted access; 
it also has good performance in colour flow and spectral Doppler 
imaging. 
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Figure 3.3 Longitudinal image of an aorta with an abdominal setting (A) and abdominal vascular setting (B). Many parameters 
- indicated in the yellow box - are different, for example dynamic range, gain and persistence. The vascular setting has higher contrast as 
a result. 




Figure 3.4 Longitudinal image of a kidney with a penetration setting (A) and resolution setting (B). Subtle differences in spatial 
resolution, image smoothness and contrast at depths are evident. Several parameters are altered including the transmitted frequencies. 


Output power 


Output power is the main scanner parameter affecting heating of 
tissue and other non-heating effects on tissue including streaming 
of fluid. In some scanners, there is no separate power output 
control, but in many scanners, especially high end scanners, the 
operator has control of the output power level used. A representa¬ 
tion of the level of power is given by the thermal index (TI) and 
mechanical index (MI) on the display (Chapter 4). For many appli¬ 
cations, output levels are of limited safety concern since there is 
little possible risk from the low heating that occurs and it is more 
important to obtain the best image. However, for some applica¬ 
tions, including ophthalmic imaging and fetal imaging in the first 
trimester, there are recommendations as to the maximum levels 
used or the time over which these levels are used. Lower outputs 
in B-mode result in decreased penetration and reduced contrast, 
especially in harmonic imaging (Fig. 3.5). Similarly, low power in 
colour flow imaging and power Doppler reduces the amount of 
colour signal and in pulsed wave spectral Doppler, a reduction in 
sonogram intensity. However, once a power setting for an applica¬ 
tion is chosen, it is not usually altered during the scan and so is not 
included in the individual settings listed below. 


B-MODE PARAMETERS 


Gain 


The gain control alters the amplification of all received echoes in 
the image. By changing the gain, the brightness of the overall image 
is decreased or increased. Too low a gain will result in a dark image, 
too high a gain in a bright image. In either case, the range of grey¬ 
scales available is not used to best advantage. A common error for 
new users is to increase the overall gain to detect weak echoes. This 
also increases weak echoes from noise and boosts medium level 
echoes so that they appear brighter. The effect is to reduce contrast 
between strong echoes and lower amplitude echoes (Fig. 3.6). This 
can be a particular problem when ultrasound scanners are used in 
a brightly lit room when the tendency is to increase image 
brightness. 

In some scanners, gain is automatically altered to compensate for 
changes in output power. The effect is to keep the grey levels at a 
similar level. Penetration and contrast at depth may be reduced if 
output power is lowered. 












B-mode parameters 




Figure 3.5 Harmonic imaging of a kidney at full (A) and reduced (B) power. Thermal index (Tl) and mechanical index (Ml) are lower at 
reduced power but in this example there is a general marked lowering of echo levels. 



Figure 3.6 Effect of increased gain in an image of a kidney. With the normal setting (A), a wide range of greyscales from black to 
white are used. With increased gain (B), the image is brighter, more echo levels are depicted as white and contrast between adjacent 
structures is reduced. 




Figure 3.7 The image is of a large 
cyst in a thyroid gland. There is low 
attenuation through the fluid and deep 
structures appear brighter because of 
overcompensation for attenuation (A). 
With the TGC/DGC set to reduce gain at 
depth (arrow), a more uniform image is 
displayed (B). 


Time gain control/depth gain control 

The scanner automatically compensates for attenuation as the trans¬ 
mitted and received pulses travel through the tissue. Echoes from 
deeper tissue are amplified on the assumption of a uniform attenu¬ 
ation to provide uniform greyscales from similar tissue interfaces 
at different depths. 

The operator can usually modify this by manual control of the 
amount of amplification at different depths using a set of sliders 
or rotational controls (Fig. 3.1). This control is usually described 


as DGC (depth gain compensation) or TGC (time gain compensa¬ 
tion) since echoes from deeper tissue take longer to return. This is 
useful if there is abnormally low attenuation in the image, for 
example through fluid in ascites, the bladder, cysts or amniotic 
fluid, or if there is high attenuation. In Figure 3.7 low attenuation 
through a cyst in a thyroid causes tissue deep to the cyst to 
appear bright. By reducing gain at depth through the DGC/TGC, 
a more uniform image is obtained. The DGC/TGC settings 
can be displayed as a line which reflects the shape of the slider 
controls. 
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Dynamic range 


The dynamic range control dictates the range of echoes displayed 
on the greyscale. Usually expressed in decibels, the value displayed 
shows the ratio between the largest echo amplitude that does not 
cause saturation to the smallest that can be distinguished from 
echoes displayed as black. 

With a high dynamic range, a large range of echoes is displayed 
on the greyscale and there is less contrast between different echo 
levels. With a lower dynamic range there is more contrast between 
different echo levels but more low amplitude echoes are displayed 
as black, which may cause weak echoes to be missed and higher 
level echoes to be displayed as white. Dynamic range is set by the 
application key to suit the application and may not need to be 
changed during an investigation. For general imaging in the 
abdomen, thyroid and breast, high dynamic ranges tend to be used; 
for vascular and cardiac applications lower dynamic ranges are 
common (Fig. 3.8). 

As an example of the advantages and disadvantages for vascular 
imaging, low dynamic range has the advantage that the vessel 
lumen appears dark and there is high contrast with surrounding 
tissue. Weak echoes from artefacts are suppressed. It has the disad¬ 
vantage that weak echoes from echo-poor thrombus or plaque may 
be also be suppressed and that pathological findings may be missed. 
An example is shown in Figure 3.9 where plaque is difficult to 
image but becomes more evident when dynamic range or gain is 
increased. 


Depth 


It almost goes without saying that the depth and consequent 
field of view should be appropriate to the tissue under 
investigation. This is especially significant for ultrasound where 
increased image depth requires a longer time for echoes to be 
received from deeper tissue. As a consequence frame rate may be 
reduced and image quality may deteriorate as compromises in line 
density, focusing and signal processing are made on the larger 
image. 

Using an inappropriately large depth is a common error for those 
new to ultrasound imaging. Large depths have the advantage that 
surrounding anatomy can be viewed and the effects of some arte¬ 
facts, notably speckle, may be less apparent, but the image of the 
target is suboptimal (Fig. 3.10). 


Frequency 


The effect of frequency has been discussed in Chapter 2 and in the 
section on patient type /frequency above where frequency or a fre¬ 
quency range is selected to suit the application. It is worth repeating 
that changes in frequency affect penetration and resolution and that 
this control can be altered during scanning to improve the spatial 
and contrast resolution. 

Focus 


On most systems the focal zone or focus optimises the transmit 
beam focus to suit a particular depth or range of depths. By focusing 
the transmit beam, beam width and intensity are optimised with 
improvements in lateral resolution and contrast resolution at the 
chosen depth (Fig. 3.11). In many scanners multiple transmit focal 
zones can be selected. This extends the range over which the focus 
is optimised but may lead to a deterioration in frame rate if more 
transmit pulses are required to achieve this. For tissue with little 
movement this may be useful, but for tissue where there is move¬ 
ment this may lead to blurring of the image. 

Some smaller scanners dispense with a focus control and others 
use processing techniques whereby transmit focus is less important 
to the overall image than in conventional scanners. Most scanners 
use sophisticated automatic focusing on reception to optimise 
lateral resolution throughout the image. 


Zoom 


The zoom function is used to magnify a region of the image on the 
screen. Depending on the way in which zoom is implemented, 
the image in this region may be improved as the scanner alters the 
scanning parameters in the selected area, for example increasing 
line density. In other implementations zoom is a simple magnifica¬ 
tion of a portion of the scanned image in which case the resolution 
of the image will be similar to the original. 

Zoom is useful if measurements are to be made of small distances 
and areas since the precision may change to suit the change in scale 
of the image shown. Accurate location of the callipers may be 
enhanced (Fig. 3.12). 

The zoom or res key/control is one for which manufacturers have 
used considerable imagination and originality. Both the area and 
size of the enlarged area can usually be adjusted prior to the zoom 



Figure 3.8 Image of a kidney transplant with low dynamic range (A) and high dynamic range (B). With a low dynamic range there 
is increased contrast between the medulla/cortex and surrounding tissue but speckle is more obvious and detail in the cortex/medulla may 
be lost. 











B-mode parameters 




Figure 3.10 Inappropriate depth setting. The deep image is 
redundant, no information is displayed and the kidney is not 
displayed to best advantage. The frame rate also suffers because 
of the need for long pulse-echo times. 


key being activated but there are a variety of means to do this and 
the user might like to try out the various permutations before they 
begin scanning clinically. 

Harmonics 


Native tissue harmonics are now commonplace in scanners from 
small portable devices to flagship models. The benefits of reduced 


artefact from the near field, a theoretical tighter beam in the trans¬ 
verse and elevation plane and an inherently reduced dynamic 
range all combine to produce images that often demonstrate 
improvements in resolution over fundamental images (Fig. 3.13). 

The development of harmonics has continued since their intro¬ 
duction in the mid 1990s. Originally thought to be mainly applica¬ 
ble to low-frequency imaging for abdominal and cardiac 
applications, harmonic imaging now finds itself the default appli¬ 
cation for many manufacturer presets including high-frequency 
scanning for musculoskeletal applications. Since harmonics are 
generated by passage of the ultrasound pulse through tissue, the 
images that result appear to combine harmonics and non-harmonic 
components. Harmonics are also used in conjunction with spatial 
and frequency compounding (see below) and adaptive processing 
(see below) so that there may be several combinations from these 
three parameters alone. 


Several versions and implementations of compounding are mar¬ 
keted. One method of spatial compounding uses transmit beam 
steering to produce echoes from several different transmit beam 
angles. This has the effect of providing strong echoes from inter¬ 
faces over a wider range of angles than in conventional imaging. 
The images from different transmit beam directions have variations 
in speckle distribution; compounding images averages this and 
reduces its effect on the final image (Fig. 3.14). Spatial compounding 
requires more time to complete a compounded image. 

Frequency compounding is offered in some scanners. The speckle 
pattern in images is frequency dependent; by combining images 
obtained from several transmitted frequencies, the effect of speckle 
is reduced. 


Spatial and frequency compounding 
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Figure 3.11 Influence of transmit focus. With the focus set for superficial tissue (A, arrow) the upper pole of the kidney is not displayed 
as clearly as it is when the focal depth is set to the appropriate depth (B). 



Figure 3.12 Zoom function. In a measurement of intima-media thickness, an area of the image is selected for investigation (A). 
Scanning parameters are optimised for this area and the image allows more precise measurements (B). 



Figure 3.13 Longitudinal image of an aorta with fundamental (A) and harmonic (B) imaging. Reduced echo levels in the aorta 
increases contrast in the harmonic image. 


When colour flow is deployed, compounding is often 
switched off automatically since the increased time required for 
colour flow imaging reduces the time available for the multiple 
direction transmit beams necessary for the compounded B-mode 
image. 


Adaptive processing 


The availability of increasingly fast computing power has allowed 
ever more complex processing of images. The term adaptive 
processing in ultrasound covers a wide range of techniques 



















B-mode parameters 



Figure 3.14 Longitudinal image of a kidney. The four images show a standard image (A), use of spatial compounding (B), use of 
adaptive processing (C) and a combination of spatial compounding, adaptive processing and harmonics (D). 


B-mode parameters 

• Power: Alters the output power. This is usually set to a maximum 
but is reduced for specific applications, for example imaging 
through the eye. Some scanners do not have a separate output 
control. 

• Gain: Alters the amplification of the overall received signal. 
Increasing gain boosts the signals and makes the overall image 
brighter. 

• Time gain control/depth gain control/swept gain: Alters the 
gain at a specific depth range. Compensates for variation in 
attenuation. 

• Frequency/Patient type: Trades resolution for penetration. 

• Focus: Transmit focus improves lateral resolution and image 
quality at a specific depth. Multiple transmit focal zones may be 
used which may reduce frame rate. 

• Dynamic range: Selects the range of echoes to display on 

the greyscale. A low dynamic range produces high contrast in the 
image. 

• Harmonics: Harmonic images have a lower dynamic range, are 
less prone to artefacts, especially near-field artefacts. They tend to 
produce a higher contrast image. Axial and lateral resolution may 
be altered. 

• Compounding: Many scanners now offer spatial or frequency 
compounding where images are reconstructed from several images 
obtained with different beam steering or transmit frequencies. 
Tissue structures are common to each individual image, artefacts 


- especially speckle - are random and the effect of speckle is 
reduced. 

• Depth: Alters the depth of the image. Greater depths require more 
time, resulting in a decreased frame rate. 

• Zoom/Res: Magnifies an area of the image. The zoom can 
magnify an area of the scanned image or can be used to image a 
reduced area. 

• Adaptive processing: Many variations of these are marketed and 
aim to reduce the effect of speckle and accentuate true differences 
in the acoustic properties within tissue. 

• Temporal/spatial controls: The image may be optimised for high 
temporal resolution, for example by using a lower line density and 
reducing lateral resolution. High spatial resolution may be chosen 
at the expense of frame rate. 

• Persistence/frame averaging: Successive frames may be 
combined to produce a ‘smoother image’ with less speckle. 

Moving structures may appear blurred. For fast moving structures, 
low persistence may be used. 

• Edge enhancement: Large changes in amplitude may be 
accentuated to display shaper edges. This may aid calliper 
placement but makes speckle appear more prominent. 

• Post-processing: Allocates a greyscale to the range of echoes. 
Colour maps are possible but are not commonly used. 

• Measurements: Linear and area measurements may be made 
from the frozen image. 
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designed to enhance the ultrasound signals from tissue features 
while reducing artefactual signals in the image, particularly those 
from speckle. Adaptive processing algorithms permit changes in 
response to local changes in time and space and may be based on 
the statistical analysis of signals. Manufacturers of commercial 
scanners use proprietary descriptive terms, for example Dynamic 
Tissue Contrast Enhancement - TCE (Siemens), Delta function 
(Acuson), XRES (Philips), SRI - Speckle Reduction Imaging (GE) 
for their own implementation of processing. Different levels of 
processing may be offered. Images may appear smoother and detail 
of 'tissue structure or texture' may appear freer of speckle (Fig. 
3.14C). The difference in algorithms between systems may lead to 
differences in image appearance which may in turn be disconcert¬ 
ing to those comparing clinical images. 

Spatial compounding may be used in combination adaptive 
processing and harmonic imaging (Fig. 3.14D). The utility of each 
or in combination is the subject of objective study and subjective 
preference. 


COLOUR FLOW IMAGING 


All the following factors, with the exception of colour scale invert, 
also apply to power Doppler (also called energy Doppler/ampli¬ 
tude Doppler). 

Power 


Colour flow imaging uses several pulses along each scan line to 
obtain the information necessary to give a colour map of velocity 
vectors. Blood is a weak scatterer and higher amplitude pulses with 
a longer pulse length may be employed to provide adequate signals 
for processing. As a consequence, outputs from colour flow imaging 
are often higher than for B-mode. Where there are issues of safety, 
particularly in first and second trimester scanning and imaging 
through the eye, particular consideration should be given to output 
limits and, in those scanners where output power is adjustable, 
operators should be aware of its effect on image quality and indi¬ 
cated output through the output display standards of MI and TI 
(Chapter 4). 

Gain 


By increasing gain, the colour flow image is more sensitive to 
moving echoes. However, increasing gain may lead to artefacts 


from moving tissue with colour 'bleeding' into surrounding tissue 
(Fig. 3.15). Inadequate gain leads to poor sensitivity to blood flow. 
The gain is usually set by the application key at a new patient 
investigation but in some systems the gain last set is retained. The 
gain value can be expressed in decibels (dB) or as a percentage. 
There is inconsistency between manufacturers as to the default set¬ 
tings; in our own department one scanner has a default setting of 
50%, another is optimised at between 60% and 75% and yet another 
has a value of 25 with no units listed. 

Scale/pulse repetition frequency (PRF) 


Perhaps the most important control for CFI is the scale setting. 
Changing the scale alters the rate at which pulses are transmitted, 
the pulse repetition frequency (PRF). For slow flows, scale/PRF is 
set low to detect the small movement between pulses. This can lead 
to problems of aliasing for high velocities since PRF may not be 
sufficient for unambiguous measurement of the Doppler frequency. 
For high velocities, a high scale uses high PRFs to depict the result¬ 
ing Doppler shifts unambiguously although very high velocities 
may lead to aliasing. The effect is shown in an image of arterial and 
venous flow (Fig. 3.16). Scale settings are shown on the colour bar 
in the image; the number at the extremity of the scale represents 



Figure 3.15 The colour flow gain is too high; there is 
overwriting (bleeding) of colour flow signals extending beyond the 
vessel under examination. 



Figure 3.16 Images of a femoral artery and the confluence of the deep and superficial veins. With a high scale setting (A) 
indicated by a scale of ±24.1 cm/s, flow in the artery is displayed but venous velocities are too low for the high pulse repetition frequency. 
By lowering the scale to ±9.6 cm/s (B), flow in the veins is now displayed. There is aliasing in the artery because the PRF is too low for the 
high arterial Doppler shifts. 


40 















Colour flow imaging 


the velocity vector corresponding to that colour. More importantly, 
since colour is seldom used to quantify velocities, the number rep¬ 
resents a range of velocities shown so that a scale value of 0.03 m/s 
or 3 cm/s is appropriate for low velocities, a scale value of, for 
example 0.4 m/s or 40 cm/s is appropriate for arterial flow. Both 
m/s and cm/s values are used by manufacturers, who seem unable 
to agree a standard. 

The maximum scale is dependent on the maximum PRF possible 
due to the depth of the image, and is also dependent on the trans¬ 
mitted frequency used. Users may find that the maximum scale 
changes automatically as depth is changed in an investigation. 

The appropriate scale is selected when an application is chosen. 
For arterial flow, the colour image will vary throughout the cardiac 
cycle since systolic velocities are higher than diastolic. In investiga¬ 
tions of arterial disease, aliasing is invaluable to identify areas of 
high velocities at sites of narrowing (Fig. 3.17). 

Invert 


The colour scale shows the direction of flow relative to the ultra¬ 
sound beam. This varies depending on the course of the vessels and 


the beam direction, which in turn is dependent on the transducer 
type and, in linear arrays, beam steering. There is no established 
standard for allocating colour to direction. For curvilinear 
and phased arrays, users tend to choose red as flow towards the 
transducer (e.g. Fig. 3.20). For linear arrays, where the beam 
direction is changed to improve insonation of vessels lying 
parallel to the skin, users may choose to invert the colour 
scale to suit their preference for a particular application or 
anatomy (Fig. 3.18), for example showing flow in carotid arteries 
as red. 


Frequency/patient type 


As in B-mode, low frequencies give better penetration into tissue 
and can improve sensitivity to flow in deep tissue. Low frequencies 
also give higher aliasing limits at depth since the resulting Doppler 
frequencies are lower, allowing a lower maximum PRF. In some 
systems the frequency can be altered as a separate control. In others 
the frequency is one of several parameters altered to improve pen¬ 
etration (Fig. 3.19). 



Figure 3.17 Using aliasing in arterial investigation. The colour flow image of a femoral artery shows a small length of aliasing (arrow) 
indicating raised velocities at this point (A). Spectral Doppler images (B) show a change of velocity as the cursor is moved into the area of 
colour aliasing indicating severe arterial narrowing. 



Figure 3.18 Colour flow invert. Flow in an internal carotid artery is from right to left in image A. The colour scale shows blue as Doppler 
shifts away from the beam direction. By inverting the scale the image can display this flow as red (B). In some systems this can be done 
after the image is frozen. 
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Figure 3.19 In image A there is an area within the artery where colour flow signals are poor. By changing the setting to improve 
penetration (B), colour filling is improved. In other scanners this can be achieved by lowering transmit frequency. 



Figure 3.20 Colour box size. By setting the colour box area across the entire image (A) there are large demands on time to obtain flow 
information. Indicated frame rate is 6 fps and the quality of the colour image is limited, possibly because line density and ensemble length 
is restricted. By reducing the area of colour investigation (B), the CF image of aorta and renal artery origins shows improved colour quality. 
Frame rate is doubled. 


Colour flow imaging box/area size 


In most colour flow scans, a particular area of the B-mode image is 
selected for CFI investigation. CFI requires several pulses for each 
line of the image to detect the movement between pulses. This is 
comparatively time-intensive and many compromises are made to 
ensure an acceptable frame rate in the combined CFI/B-mode 
image. Engineers adjust line density, the number of pulses used for 
each line of colour and the use of advanced B-mode techniques to 
ensure a satisfactory image appearance. Improvements in frame 
rate, colour sensitivity and spatial resolution can often be seen if a 
small area of colour flow is selected. Examples of improvements in 
spatial resolution and frame rate are shown in Figure 3.20. 

Focus 


In systems where focus can be altered, it is beneficial to move the 
transmit focal point to the depth of investigation. This improves 
colour sensitivity and spatial resolution (Fig. 3.21). 

Beam steering in linear arrays 


Linear arrays are used extensively in peripheral vascular investiga¬ 
tions where arteries and veins often lie parallel or nearly parallel to 
the skin surface. This poses problems for Doppler ultrasound where 


beam/flow angles close to 90° lead to confusing images. In trans¬ 
verse imaging, adequate Doppler angles are obtained by tilting the 
transducer. In longitudinal section there is limited scope to do this. 
Beam steering produces an offset colour, and spectral Doppler, 
beam direction so that unambiguous colour flow images may be 
obtained by reducing the beam/flow angle (Fig. 3.22). The amount 
of steering available depends on the transducer and the frequencies 
used; lower frequencies tend to have a larger range of steering 
angles. It is not always advantageous to steer the colour 'box'; 
unsteered colour areas sometimes have better sensitivity (Fig. 3.23), 
especially in images of vertebral arteries where the vertebral proc¬ 
esses can 'shield' the arteries from the steered beam. 


Filter, space/time, post-processing, 
persistence, priority 


There are several other controls that affect the performance and 
appearance of the colour flow imaging system. These are listed in 
the following box with their main effects. Again, not all features are 
applicable to all scanners and there may be differences in 
nomenclature. 

These factors are not all described in detail here because they are 
set by the application key to be appropriate for the specific exami¬ 
nation type and may not require modification during the examina¬ 
tion. They can, however, make a considerable difference to the 
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Figure 3.21 Transmit focus. A: With a focus set for superficial tissue (arrow), the colour flow image of the aorta and renal artery flow at 
depth is suboptimal. With the focus set for deeper tissue (B), the image is improved. 



Figure 3.22 Beam steering in linear arrays - I. In this image of the carotid bulb (A), flow is predominantly from right to left. 

The flow vectors are close to 90° from the beam direction and variations in the artery lead to flow away from (red) and towards (blue) 
the beam. By angling the colour box, the transmit beam is steered so that flow is consistently away from the beam with a uniformly red 
image of flow (B). 



Figure 3.23 Beam steering in linear arrays - II. Beam steering doesn’t always give the best colour image in linear arrays. In this image 
of an internal carotid artery (A), there is a void in the colour image (arrowed), possibly due to the long path length and refraction lowering 
the intensity of the transmitted and scattered signal. In this case, slightly contrary to expectations, the colour flow image is improved with 
no steering (B), despite poorer beam/flow angles. 
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Figure 3.24 Mixing B-mode and colour images - priority. A colour flow image is a superimposition of colour flow information on a 
B-mode image. Colour may overwrite B-mode levels and vice versa. The extent to which one mode has priority over the other is variable 
as shown in these two images where colour overwriting of B-mode images is suppressed (A) and is maximum (B). The level of priority is 
shown on the colour scale (arrow). 


Colour flow imaging parameters (most also apply to power Doppler) 

• Power: Alters the output power. Not all scanners have this control. 
High powers may be a concern where there is a risk of causing 
temperature increase, for example in colour flow imaging in the first 
trimester. 

• Gain: Alters the sensitivity of colour flow to moving targets. 

• Scale/PRF: Alters the rate at which pulses are transmitted. This 
affects sensitivity to low velocities and aliasing. 

• For linear arrays - beam steering: Offset beam steering is used 
to provide a better and more consistent beam/flow angle in arteries 
and veins parallel to the skin surface. 

• Baseline: Alters the range of each direction, compressing the flow 
scale in one direction and expanding it in the other. This is not 
commonly altered in clinical practice. 

• Invert: Inverts the colour maps used to show the direction of flow 
relative to the ultrasound beam. 

• Focus: As for B-mode, sensitivity and performance are optimised 
at the depth selected for transmit focus. 

• Colour flow area/box size: A smaller colour flow area may allow 
a higher frame rate, better spatial resolution or sensitivity to flow. 

• Post processing: Changes the colours of the colour flow map to 
suit the application. 

• Frequency/patient type: Lower frequencies penetrate better into 
tissue but sensitivity to low velocities may be reduced and 
resolution may be reduced. 


appearance, and an experienced operator may wish to change indi¬ 
vidual parameters to optimise a particular scan. An example of 
changes in the priority setting is shown in Figure 3.24 where the 
emphasis of the colour and B-mode images relative to each other is 
altered. 

One control and concept that does require further explanation is 
the space/time balance of a colour image. Because a colour flow 
image requires several pulses for each line to obtain measurement 
of movement, it imposes limits on the frame rate. Several compro¬ 
mises are made to ensure acceptable images, such as removing 
multi-beam B-mode options, reducing frame rate or reducing the 
spatial resolution of the colour image, for example by using a lower 
line density. 

Many scanners offer user-modification of the colour image in 
terms of improved temporal resolution with a reduction in spatial 
resolution or improved spatial detail with a lower frame rate 
(Fig. 3.25). The controls to do this are variously described and 
implementations include pre-processing, space/time controls or 
colour line density. 


• Filter: Reduces signal from low-velocity moving targets. 

Especially useful where there is high-amplitude low-velocity 
movement, for example in the abdomen from transmit pulsations 
from the aorta. 

• B-mode/colour balance priority: Selects how much 

the B-mode image shows through the colour map of movement. In 
some scanners this markedly affects the appearance of colour 
images. 

• Packet size/ensemble length: A few scanners allow change of 
the number of pulses sent for each line of colour flow image. You 
have to be verging on the obsessive to alter this in everyday 
scanning but an increased ensemble length does improve the 
colour image at the expense of frame rate or line density. 

• Temporal/spatial controls: The image may be optimised for high 
temporal resolution, for example by using a lower line density and 
reducing lateral resolution. Higher spatial resolution may be chosen 
at the expense of frame rate. 

• Persistence: Colour frames may be combined to improve 
apparent sensitivity to flow and a more consistent image of colour 
flow. High persistence settings blur the dynamic appearance of 
rapidly changing flow and are typically used in low-velocity flow 
states, particularly venous flow. 


Flow settings - combination controls 


Many scanners offer settings for different flow states, for example 
slow flow or fast/high flows which optimise several parameters to 
suit the flow conditions. For fast flows, high PRFs, low persistence, 
low ensemble lengths and high filters may be employed. For slow 
flows, parameters will be selected to best show colour flow images 
in these vessels. The controls and the way in which they are imple¬ 
mented are specific to manufacturers and individual scanners; an 
example of the effect of these controls is shown in Figure 3.26. 


PULSED WAVE SPECTRALJDOPPLER (PW) 

There are several controls that affect the appearance of the spectral 
Doppler sonogram. Just as importantly, many of these controls 
also affect the accuracy of measurements made from the 
sonogram. Doppler measurements of velocity and, for appropriate 











Pulsed wave spectral Doppler (PW) 



Figure 3.25 Space/time priority. With temporal priority (A), frame rate (11 Hz) is improved but the spatial resolution of the image is 
degraded. With a higher spatial setting (B), frame rate is reduced but the colour image appears to have improved spatial resolution. 



Figure 3.26 Low flow/fast flow settings. In this scanner, several parameters are altered to suit a particular flow state. A low flow setting 
is good to display flow within a kidney (A) but leads to aliasing at the renal artery bifurcation (C). A fast flow settings barely displays any 
flow in the kidney (B) but is appropriate for the renal artery bifurcation (D). Factors changed include transmit frequency and scale/PRF. 


investigations, volume flow are highly susceptible to errors in scan¬ 
ning technique and manipulation of controls. Velocity measure¬ 
ment errors of over 10% are commonplace in clinical practice. 
Volume flow errors can exceed 20% even in ideal circumstances. 
The fact that these values are frequently displayed to four signifi¬ 
cant figures is a testament to the optimism and sense of humour of 
the engineers. However, the seemingly high degree of precision can 
lead the unwary to assume that this reflects the accuracy of the 
measurements made. 


Basic rules - beam/flow angle and angle 
correction 


There are two basic rules for spectral Doppler investigation. 

1. Obtain a good sonogram by aligning the Doppler beam so 
that there is a good (typically <60-70° depending on the 
investigation) beam/flow angle to obtain adequate Doppler 
shifts. This is done by moving the transducer so that there is 
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Figure 3.27 Doppler basics. The B-mode image shows a 
common carotid artery. Flow is predominantly from right to left and 
is almost 90° to the spectral Doppler ultrasound beam in (A), which 
leads to a poor sonogram. By using electronic steering, the beam/ 
flow angle is better and the sonogram is clear (B). An automated 
trace shows a peak velocity of 43.3 cm/s. This is incorrect; not 
until an angle correction has been made (C) is the velocity scale 
correct; peak velocity is now displayed as 86.6 cm/s. 


an adequate beam/flow angle. For linear arrays, beam 
steering may be used. Alter the scale so that the sonogram is 
clearly displayed. 

2. If measurements of velocity are required, alter the Doppler 
cursor angle correction so that it is aligned with the direction 
of flow. Without this correction, the velocity scale and 
measurements made from it are incorrect (unless the beam 
and flow direction are very closely aligned). 

These principles are shown in Figure 3.27 for measurements of 
velocity in a carotid artery. 

If velocities are not required then rule 2 is not appropriate and it 
may be sufficient to obtain a good sonogram and make qualitative 
assessment of flow or measurements of non-dimensional indices 
such as resistance/resistive index and pulsatility index for which 
angle correction is not required. 


Power 


Intensities for spectral Doppler are generally higher than for 
B-mode. For applications where there is risk from higher output 
levels (see section above on application set-ups), the operator 
should ensure that recommendations are followed and that the 
output display guidelines are observed, monitored and used to 
ensure good practice. 

Gain 


Increasing the gain increases sensitivity to weak scatterers by 
amplifying the received signal. In general, venous flow provides 


stronger backscattered signals than do arteries and this can lead to 
suboptimal sonogram images if the gain is set incorrectly for the 
vessel under investigation. If gain is too high then cross-talk can 
appear in the Doppler sonogram with apparent flow in the opposite 
direction (Fig. 3.28). In general, low gains reduce the brightness of 
the sonogram display and some frequencies may not be displayed. 
Conversely, high gains amplify weaker Doppler frequencies in the 
sonogram and can lead to apparently higher velocities being dis¬ 
played and measured (Fig. 3.29). High gains may also increase the 
noise, confusing automatic measurements. 

Invert - baseline 


The direction of flow is indicated by whether the sonogram appears 
above or below the baseline. The sonogram scale can be inverted 
when necessary so that the flow display appears above the baseline. 
This tends to make flow waveforms easier to understand. There is 
an indication on the sonogram as to whether this is inverted or not 
(Fig. 3.30). If flow is predominantly in one direction then the posi¬ 
tion of the baseline in the sonogram can be set so that the sonogram 
can be shown to best advantage (Fig. 3.30B, C). 

Scale and HPRF 


The scale alters the pulse repetition frequency for spectral 
Doppler and has a similar function to the scale control for colour 
flow imaging (see section above on scale/pulse repetition fre¬ 
quency). Typically, low scales are used for venous flow and for 
flow in small vessels. Flow in large arteries is faster and requires a 
high scale. If too low a scale is used, aliasing may occur (Fig. 3.31); 
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Figure 3.28 Gain in the spectral Doppler. The sonogram shows 
flow in a vein. If gain is too high as in the left of the sonogram 
image, cross-talk may be displayed (arrow). By reducing gain a 
better quality sonogram is seen (right of image). 



Figure 3.29 Effect of gain on measurements made from a 
sonogram. The spectral Doppler trace from flow in a dialysis fistula 
shows the effect of change in peak velocity as gain is reduced in 
the right of the sonogram. Peak velocity falls from 205 to 184 cm/s. 
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Figure 3.30 Invert - baseline. A: Flow is away from the beam 
and the sonogram appears under the baseline. By inverting the 
sonogram display, the sonogram now appears above the baseline 
although peak velocities show evidence of aliasing (B). There is 
on-screen indication of Doppler invert (arrow). By lowering the 
baseline (C) the entire sonogram can be displayed clearly. 


if too high a scale is used, the sonogram shape may not be clear 
(Fig. 3.32). 

A major limitation of pulsed wave Doppler ultrasound is that the 
scale is limited by the depth of investigation. Conventionally, the 
scale is limited by the need for pulses from the sample volume to 
return before the next pulse is transmitted. This leads to difficulties 
for high velocities in deep tissue, for example in renal artery steno¬ 
sis where the high Doppler frequencies that result are often too high 


to be measured unambiguously. In some systems the limits can be 
extended by choosing a low transmit frequency (typically 2 MHz) 
which in turn leads to lower Doppler frequencies, thereby allowing 
lower PRFs for the same velocity. 

In order to circumvent this, many ultrasound systems offer an 
option whereby the PRF limit can be overridden and a second pulse 
sent out before the first has returned. This setting, usually referred 
to as HPRF - high pulse repetition frequency, leads to an additional 
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superficial sample volume which adds to noise in the sonogram but 
allows an extended velocity range (Fig. 3.33) from the deeper 
sample volume. 

Sample volume/gate/range gate 


The size of the sample volume can be altered to interrogate various 
distances along the beam from typically 1 mm to >8 mm. If flow 
information from a very specific position in the vessel is required 
or the vessel itself is small, then a small sample volume may be 
required. A larger sample volume is used when measuring volume 
flow in arteries or veins, since a measurement of mean velocity 
must encompass the full range of velocities in the vessel as best it 
can. Large sample volumes may also be useful in improving sensi¬ 
tivity to flow, although there is a risk that the sonogram also shows 
flow information from adjacent vessels. The influence of change in 
sample volume in large vessels is illustrated in Figure 3.34. 

Figure 3.31 With a scale set too low, there is aliasing in the 
sonogram. The peaks of this femoral artery waveform appear as 
negative velocities. The wraparound cannot be overcome by 
moving the baseline in this case - the scale must be increased. 
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Figure 3.32 With too high a scale, the shape of the flow 
waveform is unclear and measurements are difficult. 



Figure 3.33 Investigation of high velocities in deep arteries 
may require high pulse repetition frequencies (HPRF) whereby 
a second pulse is transmitted before the first returns. An additional 
superficial sample volume appears in the image (arrow) and the 
sonogram has more background noise. 



Figure 3.34 Sample volume/gate size. With a larger sample volume (A), the sonogram shows low velocities from flow near the vessel 
wall. With a sample volume limited to the centre of vessel (B), the sonogram does not show the low velocities near the wall. 
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Figure 3.35 Wall filter. In the sonogram the wall filter is increased to remove the low velocities from wall movement in the left of the 
sonogram (arrow). This has a profound effect on the measurement of time-averaged velocity. With the filter allowing strong echoes from 
wall movement (A), the mean velocity (short arrow) measured is 8 cm/s. When the filter removes low-velocity echoes, the measurement of 
mean velocity is now 61 cm/s (B). 


Other parameters - filter/sweep 


The Doppler filter or wall filter removes low-frequency echoes from 
the sonogram. The range of low frequencies removed can be altered 
to suit particular applications; for low-velocity flow in stationary 
tissue a low filter setting is appropriate. For arterial flow in the 
abdomen, a high filter setting removes noise from abdominal tissue 
movement. Filter settings are important if time-averaged mean 
velocity is to be measured, for example in volume flow calculations. 
High filters remove the low velocities near the vessel wall, artifi¬ 
cially raising measured mean velocity. Low filters risk including 
wall noise. This is illustrated in Figure 3.35 where the change of 
filter setting leads to a large change in measured mean velocity 
caused by high-intensity low-frequency noise. 

Sweep speed can be changed to show a long or short timescale. 
This alters the appearance of flow waveforms but can be useful in 
looking at variation in arterial waveforms not evident over shorter 
periods (Fig. 3.36). 

Angle correction errors 


As described above ('Basic rules - beam/flow angle and angle cor¬ 
rection'), angle correction must be made to obtain accurate veloci¬ 
ties from the sonogram. The accuracy of the measurements made 
is dependent on accurate alignment of the cursor with the flow 
direction. It is inevitable that slight errors are made in clinical prac¬ 
tice; even where the direction of flow is clear, errors of greater than 
5° are possible. Where the flow direction is less clear, much larger 
errors are possible. The effect on measured velocities is highly 



Figure 3.36 Sweep speed. A slow sweep speed permits 
investigation of longer-term trends in flow waveforms. 


dependent on the angle between the beam and flow. At low angles, 
the velocity is comparatively unaffected by changes in angle cor¬ 
rection. At higher angles, velocities change significantly (Fig. 3.37). 
There is no cut-off above which errors suddenly become worse but 
as a general rule, angles over 60° should not be used if absolute 
measurements of velocity are required, for example in internal 
carotid artery stenosis. 
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Figure 3.37 Errors in velocity arising from a 10° change in beam/flow correction angle. In images A and B, the peak velocities in the 
aorta change from 45 to 56 cm/s when the angle correction is changed from 46° to 56° (the image and sonogram are identical, only the 
angle correction is changed). In images C and D the peak velocity in the renal artery changes only slightly from 37 to 38 cm/s with a 
change from 1° to 11°. The images demonstrate that velocity measurements are increasingly prone to error as the beam/flow angle 
increases. 


Pulsed wave/spectral Doppler parameters 

• Power: Alters the output power. Not all scanners have this control. 
Power should be reduced where there is concern over the use of 
high output levels, for example imaging through the eye. 

• Gain: Alters the sensitivity of the spectrum to blood flow and the 
brightness of the spectrum and noise in the spectrum. 

• PRF/Scale: Alters the range of frequencies/velocities displayed on 
the sonogram. The scale should be adjusted to show 

the velocities under investigation clearly. 

• Baseline: The baseline can be adjusted to increase the range of 
velocities displayed in one direction and reduce it in 

the other. 

• Invert: Inverts the velocity scale - used when appropriate for the 
direction of flow under investigation. 

• Volume of the Doppler signal. Self-explanatory. Low volumes can 
be difficult to hear, high volumes can cause alarm to patients and 
staff. 

• For linear arrays - beam steering: Offset beam steering is used 
to provide a better and more consistent beam/flow angle in arteries 
and veins parallel to the skin surface. 


• Angle correction: Tells the scanner the direction of flow 
relative to the ultrasound beam so that velocity measurements 
can be made. 

• Frequency: Some scanners allow changes of transmit frequency 
in PW mode. This can be useful to improve penetration and signal 
strength at depth. 

• Sample volume/gate size: A large gate may be used to insonate 
flow across a vessel. A small gate is used if a very precise location 
for velocities is required. 

• Filter: Reduces signal from low-velocity moving targets. Useful 
where there is high-amplitude low-velocity movement but high 
filters may remove low-velocity flows from the sonogram. 

• Sweep speed: Alters the timescale of the sonogram. Slow sweep 
speeds can show longer-term changes, high sweep speeds allow 
more detailed examination of changes in a cardiac cycle. 

• Post-processing: Different brightness ranges or colour hues of 
the sonogram. 

• Measurements: Automatic and manual measurements from 
sonograms. Major parameters are discussed in the text. 
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INTRODUCTION 


In recent years ultrasound imaging equipment has been required 
to display safety indices in appropriate circumstances. This chapter 
will consider the reasons for this requirement and give guidance on 
the meaning and usefulness of the specific indicators. It is important 
to state at the outset that ultrasound is a relatively safe imaging 
modality. Unlike X-ray imaging it does not involve the use of 


ionising radiation which has well-known risks. In comparison with 
narrow-bore MRI scanning, it does not require injection of toxic 
contrast materials, nor are there the hazards associated with very 
high magnetic fields. 

Ultrasound scanning is widely used throughout the world. One 
of the major areas of application is in obstetric scanning and almost 
every woman in the developed world will undergo as a minimum 
a routine dating scan during pregnancy. Other applications of ultra¬ 
sound in medicine are wide ranging; it is used in cardiology, mam¬ 
mography and general abdominal imaging, for eye scanning and 
fetal heart monitoring and for investigations of peripheral vascular¬ 
ity. In 2008/09 over 7.4 million ultrasound scans were carried out 
in NHS Trusts in England and of these 2.4 million were obstetric/ 
gynaecological scans. The use of ultrasound is increasing, the fastest 
growth being in non-obstetric scanning where a 70% increase has 
occurred over the last ten years. In spite of the large number of 
examinations carried out each year there have been no confirmed 
reports of ill effects following ultrasound examination. It remains 
the case that probably the greatest risk arising from the use of ultra¬ 
sound in obstetrics is the risk of misdiagnosis. 

The acoustic output from ultrasound equipment is well control¬ 
led by the manufacturers in line with regulatory requirements. The 
USA Food and Drug Administration (FDA) 1 require the maximum 
available ultrasound intensity to be limited and compliance with 
AIUM/NEMA Output Display Standards (ODS). 2 These restric¬ 
tions apply to all equipment manufactured or sold in the USA; in 
effect all the major worldwide manufacturers are included. The 
FDA limits are set out later in this chapter in the section on guide¬ 
lines and regulations. 

There are certain clinical situations in which extra care should be 
taken to ensure that the exposure is no greater than necessary. In 
these situations the on-screen safety indices are of great value to the 
operator since they allow an immediate assessment of potential risk 
to be made for specific exposure conditions. In general, well- 
perfused tissue is less susceptible to thermal effects than is less 
well-perfused tissue, and cells are more susceptible to external 
influence during periods of rapid division. For both these reasons 
the fetus may be considered to be at some risk and operators should 
attempt to ensure that the exposure is well managed. There is a 
common misconception that vaginal scanning is more risky than 
external scanning; this is not true since vaginal transducers operate 
within the same regulatory limits on in-situ exposure as do other 
transducers. The greatest risk from vaginal scanning may arise from 
transducer self-heating. Neonatal scanning is carried out at a stage 
in life where cells are rapidly turning over and this also requires 
careful management. In eye scanning using ultrasound there is a 
concern that thermal effects may be induced due to poor perfusion, 
with the consequent risk of cataract formation. Experimental evi¬ 
dence for cataract formation is available for high temperatures only; 
nevertheless proper management of ultrasound exposures in eye 
scanning is prudent, a view endorsed by the FDA in setting lower 
mandatory limits for ophthalmological equipment. 1 

Scanning of a soft tissue-gas interface will increase the risk of 
ultrasound-induced effects and the areas which may be vulnerable 
are the lungs and the intestinal tract. The use of contrast materials, 
where gas bubbles are deliberately introduced into the body, carries 
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a degree of risk and this is discussed further in the section on cavita¬ 
tion and gas body effects, later in this chapter. 

To ensure that the likelihood of any ultrasound-induced effects 
is minimised, safety indices relating to thermal effects and gas- 
bubble activity have been developed. The current advice on manag¬ 
ing ultrasound exposure is based on the use of these displayed 
safety indices. The safety indices are based on two known biophy¬ 
sical mechanisms of ultrasound, which are thermal effects and 
mechanical effects associated with gas bubbles. This chapter focuses 
on these well-established mechanisms. The likelihood of other 
potential mechanisms, for example radiation force effects, is not 
predicted by the safety indices. 3 


THERMAL EFFECTS AND Tl 


A thermal index (TI) has been developed to allow the user to assess 
the tissue heating that may occur for a particular transducer and 
particular equipment settings. The index displayed is the ratio 
between the actual acoustic power and the acoustic power required 
to produce a worst-case, maximum, steady-state temperature rise 
of 1°C in tissue. 

Heating mechanisms 


Whenever an ultrasonic beam passes through tissue there will be a 
transfer of energy from the acoustic wave to the tissue. The process 
is known as acoustic absorption. This will cause an increase in the 
temperature of the tissue and, if sufficient energy is transferred, this 
increase will have physiological effect. A biologically significant 
temperature rise will induce changes within the cells of the tissue 
and the evidence for such effects is covered in the section on experi¬ 
mental investigation of heating, below. The amount of tissue 
heating produced will depend on a range of physical and biological 
factors. 

Physical factors 

Physical factors influencing the potential for heating are listed here 
and the effect produced by varying each factor in turn is described: 

1. Acoustic power (watts) and intensity (watts per square 
centimetre): an increase in the power or intensity in the acoustic 
beam will result in an increased potential for tissue heating. 

2. Acoustic frequency: absorption of acoustic energy in tissue is 
dependent on frequency, with higher acoustic frequency waves 
being absorbed more strongly. This also affects the penetration 
depth of the beam; the highest frequency beams will only have 
the potential to produce heating in superficial tissue. 

3. Beam cross-sectional area: a larger exposed area has the 
potential to result in a greater temperature rise in tissue, for a 
given spatial-peak temporal-average intensity, J(spta). This is 
due to slower conduction of heat away from the affected area 
because of its volume. 

4. Dwell time: increasing the time that any particular region is 
exposed to an ultrasound beam may increase the temperature 
rise produced; this will also depend on the rate of heat 
conduction away from the area and on the effects of blood 
perfusion. 

5. Other machine settings: scan mode, focusing, frame rate, line 
density and zoom are secondary factors which affect heating 
through their effect on the acoustic power or the beam area. 

It is not possible to predict easily the effects produced by 
varying these factors due to differences in equipment design. 

Biological factors 

The two primary biological factors affecting the potential for heating 
to occur in an acoustic beam are tissue absorption and blood 


Table 4.1 Attenuation coefficients 4 at 1 MHz in dB/cm 

Tissue 

Attenuation coefficient: 
dB/cm at 1 MHz 

Blood 

0.20 

Liver 

0.50 

Brain 

0.60 

Muscle 

0.74 

Breast 

0.75 

Average fatty soft tissue 

0.40 

Average non-fatty soft tissue 

0.60 

Skin (range) 

2.3-4.7 

Cortical bone (range) 

14-20 


perfusion. Attenuation coefficients have been measured for a range 
of tissues in humans and in animal studies and are available in the 
literature. (Attenuation includes the small additional contribution 
from scattering of an ultrasound beam by tissue.) Bone has the 
potential to absorb most strongly and body fluids least strongly 
with soft tissues in between. Table 4.1 gives representative values 
of ultrasound attenuation coefficients of selected tissues 4 at 1 MHz, 
and attenuation coefficients at other frequencies can be estimated 
by scaling these values linearly with frequency. 

There has been no systematic approach taken to the measurement 
of attenuation coefficient in vivo and much of the work on absorp¬ 
tion has been carried out on animals and on tissues in vitro, result¬ 
ing in large gaps in the knowledge base. Ethical considerations 
mean that it is now very difficult to make measurements such as 
these on human tissue. 


Absorption of acoustic energy 

• Acoustic energy is absorbed from an ultrasound wave into tissue. 

• The absorbed energy causes tissue heating. 

• The amount of heating depends on the acoustic beam shape 
and power, and on the tissue type. 


Experimental investigation of heating 


Heating due to tissue absorption 

Although it is well established that ultrasound can produce heating 
in tissue, only limited measurements of temperature increases 
induced by diagnostic exposures have been made. Barnett 5 offers a 
useful review of these. A small number of studies investigated 
heating in tissue specimens or tissue-mimicking materials. None of 
these studies attempted to simulate the cooling effect of blood flow 
and so the temperature increases were likely to be higher than in 
perfused tissue. In addition, some live animal studies have been 
carried out. There have been no significant temperature increases 
observed with ultrasound equipment operated in pulse-echo mode 
but temperature increases have been measured in unperfused 
tissue specimens exposed at pulsed Doppler output levels using 
commercial ultrasound equipment or equivalent laboratory 
systems. 

For soft tissue exposed in pulsed Doppler mode, a maximum 
temperature of 1.9°C was measured after 2 minutes (J(spta) 
2.0 W cm -2 ; 5 MHz) using a sample of porcine liver; 6 and in excised 
sheep brain an increase of 2.5°C occurred after 5 minutes at a similar 
exposure level. In a simulated pulsed Doppler beam, excised 
guinea-pig brain showed an increase in temperature of 2.5°C after 
2 minutes. 7 







Thermal effects and Tl 


Greater temperature increases have been reported where bone 
is located in the path of the acoustic beam. For example, at the 
bone/brain interface in the skull of guinea-pig fetuses a 
maximum temperature rise of 5.2°C was measured adjacent to the 
parietal bone (260 mW, 3.2 MHz). 7 In a separate study the degree 
of heating was found to increase with fetal gestational age as the 
bone became denser. 8 A similar effect was observed with human 
fetal femurs. 9 Doody et al. 10 reported temperature measurements 
on the surface of unperfused human fetal vertebrae. The 
maximum temperature reached in this bone, exposed in vitro to a 
simulated, medium-power, Doppler ultrasound beam (50 mW), 
increased from 0.6°C to 1.8°C with increasing gestational age 
from 13 weeks to 39 weeks. 

Heat generated at the bone/brain interface is of particular concern 
for obstetric scanning because of the risk of damage to the develop¬ 
ing brain and central nervous system. In anaesthetised mice, a 
maximum temperature elevation in the mouse skull of 5°C was 
recorded after 90 s exposure (J(spta) 1.5 W cm -2 ). 11 Temperature 
elevations were 10% higher when repeated after the animals had 
been killed, showing that the effect of blood perfusion on tempera¬ 
ture elevation in the mouse skull was small. Other studies have 
reported differences in the ultrasound-induced temperature eleva¬ 
tion in guinea-pig fetuses depending on gestational age. Horder 
et al. 12 reported a 12% reduction in the temperature increase in 
guinea-pig fetuses near to full term due to a better developed vas¬ 
cular system. Investigations have also been carried out on fetal 
sheep brain in utero. 13 A temperature increase of 1.7°C in 120 s was 
measured in soft tissue adjacent to the parietal skull bone which 
was approximately 40% lower than the unperfused value measured 
postmortem (spatial-average temporal-average intensity, J(sata) 
0.3 W cm' 2 ). Different responses to changes in perfusion have been 
associated with different beam areas, with heating in the smaller 
focal regions of diagnostic beams being less affected by altered 
perfusion. 14 

Heating in tissue 

• More heating occurs in bone than in soft tissue. 

• The fetal brain may be at greater risk of heating as the skull 
ossifies during gestation. 

• Temperature rises measured in vitro from diagnostic ultrasound 
exposure are small. 


Transducer heating 

Until now we have been considering heating effects in tissue result¬ 
ing from direct transfer of energy from the ultrasound beam to the 
tissue. A separate mechanism for heating tissue has been identified 
and occurs when the temperature of the ultrasonic transducer 
increases due to inefficient energy conversion. Pulsed transducers 
in particular are often inefficient in converting electrical energy into 
acoustic energy. Heat generated within the transducer is conducted 
from the front face of the transducer into adjacent soft tissues. This 
is the dominant source of heat for tissue in contact with the surface 
of the transducer and exceeds that arising from the absorption of 
ultrasound by tissue. 15 

If uncontrolled, transducer heating could result in thermal 
damage to surrounding tissues. Transvaginal scanning has been a 
situation of particular concern due to the proximity of the trans¬ 
ducer to fetal tissue. Calvert et al. 16 investigated the heating depth- 
profile in a tissue-mimicking material (TMM) for two transvaginal 
transducers operated at output conditions close to maximum. The 
greatest temperature increase was found to always occur at the 
interface between the transducer and TMM and to reduce to 10% 
of the surface value at about 1 cm depth. Temperature increases 
were higher when the transducers were operated in colour flow and 
pulsed Doppler modes than for pulse-echo mode. 

In the past there has been experimental evidence demonstrating 
that the surface temperature of ultrasound transducers could 


increase excessively if operated in air under maximum output con¬ 
ditions. 17 An upper limit for the permitted temperature of the trans¬ 
ducer face has now been set by the IEC; 18 when coupled to tissue 
the temperature is limited to 43°C after 30 minutes, i.e. an increase 
of 6°C, and if operated in air prior to scanning the temperature must 
not exceed 50°C. In general transducer heating is now well managed 
and transducers are designed to operate with the constraint imposed 
by the IEC limits. 

Implications of heating 


Current ultrasound equipment has the potential to cause heating in 
tissue and to raise the temperature locally due to absorption when 
operated towards the upper end of available powers and intensities. 
The greatest temperature increase due to ultrasound absorption 
occurs at the surface of ossified bone; in soft tissues it is very 
unlikely that the temperature would be increased above 2°C due to 
absorption. Uncalcified bone does not absorb ultrasound strongly. 
The potential for heating resulting from obstetric applications is 
of concern because hyperthermia is known to be a teratogen in 
animals. In obstetric examinations the developing brain is within 
the ultrasound beam and in close proximity to the skull. 

Animal studies have shown that abortion or reabsorption may 
occur in early embryos and that developmental effects are most 
likely when hyperthermia occurs during organogenesis, with the 
central nervous system being most at risk. In the following studies 
the core temperature of pregnant animals was elevated by immer¬ 
sion in water in order to investigate the effect of heat on fetal 
development. In studies investigating brain development following 
whole body heating of pregnant rats 19,20 it was found that the 
threshold temperature for abnormalities was 4°C increase in mater¬ 
nal core temperature maintained for 5 minutes. The majority of 
abnormalities involved encephaloceles and microphthalmia. A 5°C 
increase in maternal temperature resulted in developmental abnor¬ 
malities in the fetal rat brain when maintained for less than 1 
minute. In mice a threshold for exencephaly has been reported at a 
temperature increase of 4.5°C above normal body temperature, 
maintained for 5 minutes 21 and in mice and rats at 3.5°C maintained 
for 10 minutes 22 following whole body hyperthermia. Abnormali¬ 
ties in proliferating bone marrow cells were found in guinea-pigs 
heated in a hot air incubator 23 and similar effects were observed 
when an equivalent temperature elevation was produced by 
ultrasound. 

In summary, there is a large body of evidence demonstrating that 
heat induces developmental abnormalities in a range of animal 
species. The sensitivity varies with stage of gestation and peaks 
during neurogenesis. At this stage, a sustained temperature eleva¬ 
tion of about 2.0°C above maternal body temperature results in 
developmental defects such as micrencephaly, microphthalmia and 
retarded brain development in a wide range of animals. The same 
types of developmental defects were observed following heating 
for shorter periods where the temperatures were higher. Thus, the 
risk depends on both the temperature elevation and the time for 
which that temperature elevation is maintained. The time to cause 
any particular biological effect becomes shorter as the temperature 
elevation increases. At high temperatures (above about 43°C), the 
time is halved for each additional 1°C. 

For these reasons it is important to consider how the changes in 
the absorption coefficient of human embryonic and fetal tissues will 
affect local heating. Ossification only commences towards the end 
of the first trimester, starting with the cranial and jaw bones. Until 
this stage in gestation, the absorption coefficient of embryonic 
tissue is thought to be at the lower end of soft tissue absorption and 
significant heating is unlikely to occur. Later in pregnancy, as the 
fetal skeleton develops, absorption is greater and heating is more 
likely. During the third trimester, it is possible for a stationary 
Doppler beam to heat fetal bones lying approximately at the focus 
of the beam, especially when a large proportion of the acoustic path 
is though amniotic fluid. 
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For adult scanning, transcranial pulsed Doppler studies have 
been judged to carry the greatest risk of localised heating. 3 This is 
due to the relatively high acoustic output used and because the 
transducer is held in a fixed position and orientation for extended 
periods. Bone is exposed, with no overlying tissue attenuation and 
conducted heat from any transducer self-heating will add to the 
heat generated by absorption of ultrasound in bone. 


Risks associated with tissue heating 

• Sustained heating of the embryo is known to cause 
developmental abnormalities in animals. 

• In the adult, the greatest risk of localised heating arises during 
transcranial Doppler studies. 


Hazard indication - thermal index (Tl) 

The user could be forgiven for thinking that the evidence for heating 
by ultrasound in vivo is unclear, suggesting that heating may or 
may not occur and if it does occur it may be to a greater or lesser 
extent. Primarily this is because of the wide range of variables that 
need to be considered in each situation. One of the most important 
aspects is the ultrasound mode, for example the potential for 
heating may increase in moving from pulse-echo to colour flow 
imaging. The acoustic output power and the beam properties deter¬ 
mine the acoustic energy available, whilst the tissue absorption and 
perfusion determine the temperature rise generated by absorption 
of acoustic energy. Ideally, a user would need to give due consid¬ 
eration to each of these factors for each ultrasound examination in 
order to assess the risk and act accordingly. However, this is not 
practical and a simplified approach has been adopted by displaying 
the thermal safety index (TI) on the ultrasound scanner. 1,2 

The display of TI on many modern scanners allows the operator 
to identify scanner operating conditions most likely to cause tissue 
heating in a range of situations and, if necessary, to make adjust¬ 
ments to minimise the heating caused by ultrasound absorption. At 
present, the display does not include information about surface 
temperature caused by transducer self-heating. 

The thermal index (TI) is defined as the ratio W/W deg , where W is 
the acoustic power emitted by the transducer at any time, and W deg 
is the power required to cause a maximum temperature rise of 1°C 
anywhere in the beam, contributed by ultrasound absorption 
alone. 24 It is assumed that a steady state is reached and hence would 
require that the beam remains stationary with respect to the tissue 
for several minutes. Three simple physical models are assumed for 
the computational programs that generate the TI values displayed 
on ultrasound scanners. These are: 

1. Soft tissue thermal index (TIS). The soft tissue model assumes a 
uniform homogeneous tissue-mimicking material with an 
absorption coefficient somewhat lower than soft tissue to 
allow for fluid pathways, and makes some allowance for heat 
loss from blood perfusion. 

2. Bone-at-focus thermal index (TIB). This model includes a layer 
of strongly absorbing material (bone mimic) within the soft 
tissue model at the depth that maximises temperature rise. 

3. Cranial bone thermal index (TIC). The third tissue model omits 
soft tissue, and considers the absorption of ultrasound in a 
bone-equivalent layer coupled directly to the transducer. 

These three models can be used to estimate TI in scanned beams 
(pulse-echo B-mode, and Doppler imaging/colour flow) and 
unscanned beams (M-mode and pulsed Doppler). 

Use of TI during ultrasound examination 

Most scanners now display TI values calculated from these models 
and this provides a clear and simple indication of thermal hazard 
to the user. Occasionally differences between the actual worst-case 


temperature rise in situ and that inferred from the displayed TI 
have been reported. These are most probably due to differences 
between the assumed tissue models and the actual tissue structure, 
but may also reflect real differences in individual transducer per¬ 
formance. In addition it must be stressed that displayed TI is not 
the actual temperature increase in degrees Celsius generated in 
tissue while scanning. TI is, however, the best indication of thermal 
hazard available to the user and allows risk to be quickly assessed 
during an ultrasound examination. 

There are a number of ways in which the operator can adjust scan 
conditions in order to reduce TI and to minimise risk when neces¬ 
sary. In all operating modes and all clinical applications, reducing 
the acoustic output power will reduce TI. Using a lower acoustic 
frequency may result in lower TI due to less local absorption. 
Reducing the frame rate or increasing the sector width may again 
reduce TI. If the transducer dwell time is short, the risk of heating 
will be reduced. This will not, however, be reflected in the dis¬ 
played value of TI because the model assumes that the transducer 
is stationary for a sufficient time for a steady state to be reached. 

In 2008 a survey of TI displayed during a range of scans in clinical 
practice was carried out in the United Kingdom by the Safety Com¬ 
mittee of the British Medical Ultrasound Society. 25 The results 
showed that the greatest range of TI values (0.1 to 2.5) and the 
average of the highest TI values (0.98) were displayed during 
obstetric examinations. The average examination time (15.4 ± 
0.7minutes) was also longest for obstetric examinations. The highest 
TI values were associated with pulsed Doppler examinations. 
Deane and Lees 26 also found TI to be highest during pulsed Doppler 
examination. A similar study in the USA 27 concentrated on obstetric 
scanning. The conclusion was that while acoustic power levels, as 
expressed by TI and MI, were generally low, TI >1.5 could be 
reached during colour Doppler examination and accounted for a 
small proportion of the total examination time. 

The success of TI as a safety indicator depends on the extent to 
which it is understood and used by the user. There is some evi¬ 
dence 24,28 that obstetric ultrasound users do not, in general, use the 
indices and are not confident of their meaning, in spite of extensive 
training opportunities. 

The thermal index (TI) 

• TI is the thermal safety index. 

• It is displayed to guide users in assessing the likelihood of 
heating. 

• It should be kept to a value minimum consistent with diagnostic 
quality. 


CAVITATION AND GAS BODY EFFECTS 

In addition to the thermal safety index (TI), a mechanical safety 
index (MI) is displayed on many ultrasound scanners. This index 
is intended to warn the user about the hazard arising from inertial 
cavitation due to the behaviour of bubbles or gas bodies in the 
acoustic beam. Although MI relates to inertial cavitation, gas body 
activity can produce a range of effects which need to be considered 
in the context of patient safety. 

What do we mean by acoustic cavitation? 


Acoustic cavitation is a term used to refer to the behaviour of a gas 
bubble contained in a liquid, in an acoustic beam. The bubble expe¬ 
riences variations in pressure due to the acoustic wave. It expands 
in size during the period of decreased pressure and contracts 
during compression to an extent dependent on the acoustic pres¬ 
sure. At low acoustic pressure, these oscillations in bubble size 
occur broadly in step with variations in acoustic pressure in a stable 
fashion. This is known as non-inertial, or stable, cavitation. 





Cavitation and gas body effects 


However, if the peak acoustic pressure increases, different motions 
may be induced until finally the bubble becomes unstable and col¬ 
lapses under the inertia of the surrounding liquid. This is known 
as 'inertial cavitation' or collapse cavitation. The term acoustic cavi¬ 
tation also refers to the generation of bubbles in a liquid by a sound 
wave. For this to occur pre-existing nucleation sites such as micro¬ 
scopic impurities are required. 

Hazards from gas bubble activity 
and cavitation 

Inertial cavitation, in which very rapid bubble collapse occurs, 
results in the generation of extremely high instantaneous tempera¬ 
tures and pressures within the bubble cavity. The temperature 
can increase by thousands of degrees. This is sufficient for highly 
chemically reactive free radicals to be formed which are known to 
be potentially damaging to molecules in the body. 

A different hazard is posed by the complex mechanical forces 
associated with bubble activity. For example, the shear forces 
exerted at the bubble surface by a pulsating bubble can generate a 
small steady flow of fluid via a process known as microstreaming. 29 
The variation of this flow with distance from the bubble creates 
extremely high shear stresses near the bubble surface, which have 
been associated with cell destruction (haemolysis), and temporary 
alteration in permeability (sonophoresis). 30 These mechanical forces 
occur with both non-inertial and inertial cavitation, but are signifi¬ 
cantly higher in the latter case. Furthermore, additional heating of 
the surrounding medium may result. 31 

Review of experimental work associated 
with cavitation and gas body activity 


Modelling 

Cavitation has been investigated theoretically using mathematical 
modelling. 32,33 Maximum collapse pressures and temperatures 
within bubble cavities and collapse speeds of the cavities were 
calculated for a range of nucleus sizes. 33 Further work gave evi¬ 
dence that cavitation could, in theory, occur in the type of pulsed 
acoustic beams employed in diagnostic ultrasound. Holland and 
Apfel 34 predicted the threshold acoustic pressure required for cavi¬ 
tation to occur at different frequencies, and this analysis was used 
as the basis for MI. In practice pre-existing gas bubbles are required 
for cavitation and these are unlikely to occur naturally in the body. 
Church 35 has published perhaps the most relevant theoretical paper 
for diagnostic ultrasound. He examined the likelihood that cavita¬ 
tion nuclei could give rise to acoustic cavitation within soft tissue, 
under diagnostic conditions. He determined that the threshold 
acoustic pressure for such events lay above those used in current 
practice, and that even at slightly higher acoustic pressures, viscous 
and other forces within the tissue made the likelihood of cavitation 
events vanishingly small. 

In-vivo animal and human effects 

Biological effects attributed to cavitation and other gas body effects 
have been observed in association with the use of ultrasound in 
extra-corporeal shock-wave lithotripsy (ESWL) where bruising may 
sometimes be observed on the skin on the exit beam side of the 
patient. There is evidence that the destruction of gallstones and 
renal calculi is due to cavitation effects. 36 In ESWL the peak acoustic 
pressure is typically 20 MPa compared to approximately 2 MPa for 
diagnostic ultrasound and the acoustic frequency of ESWL pulses 
is much lower than diagnostic pulses. These factors make cavitation 
more likely to occur. 

Lung tissue is vulnerable to damage from diagnostic ultrasound 
because of the presence of air. Damage has been demonstrated in 
mammals, and acoustic pressure thresholds for haemorrhage in 


mouse lung have been determined experimentally 37,38 to be 1.4 MPa 
for pulsed ultrasound in the frequency range 1-4 MHz, with a 
dependence on pulse length. Typically damage included extravasa¬ 
tion of blood cells into the alveolar spaces suggesting ruptured 
capillaries. The exact mechanism remains unclear, since it is 
difficult to explain all the experimental results on the basis of 
ultrasound-induced cavitation occurring in the alveolar spaces. 39 
Thresholds for lung damage have been determined for monkey, 40 
rat 41 and rabbit lung, 42 for neonatal pig 43 and mouse 44 Gas in the 
intestine has been associated with damage to the intestinal wall in 
mice 45,46 on exposure to ultrasound. 

The injection of microbubbles into the circulation as contrast 
agents causes effects that do not occur under normal conditions. 
There is evidence that ultrasound and microbubbles can lead to 
increased permeability of the blood-brain barrier. 47 It may be pos¬ 
sible to use this effect to assist the delivery of macromolecular 
agents to the brain. It has been shown that the blood-brain-barrier 
can be transiently opened using focused ultrasound and introduced 
microbubbles without acute neuronal damage 48 However, there is 
insufficient evidence to conclude that there is no damage to the 
barrier as a result of the effects of ultrasound and microbubbles. 

To date there has been one experimental study reporting an 
observed bioeffect associated with ultrasound which is not easily 
explained by any of the accepted mechanisms. Ang et al. 49 reported 
increased migration of neurons in fetal mice with exposure to diag¬ 
nostic ultrasound. The mechanism is unclear and the need for 
further research is indicated. 

Factors affecting incidence of cavitation 
and gas body activity 


Physical factors 

Before cavitation can occur, gas bubbles or nucleation sites within 
the fluid or tissue are required. Once this condition is met, the likeli¬ 
hood and amount of cavitational activity will depend on two physi¬ 
cal properties of the acoustic beam. Firstly it depends on the acoustic 
frequency and is more likely at lower frequencies. Secondly there 
is a threshold level of the peak acoustic pressure in the decompres¬ 
sion phase of the acoustic wave, below which inertial cavitation will 
not occur. Bubble activity is influenced by surface tension and 
viscosity. 

Biological factors 

The use of contrast materials, which introduce gas bubbles into an 
acoustic field, significantly increases the potential for cavitation 
during clinical ultrasound examinations. Contrast agents consist of 
stabilised bubbles, 1-10 pm in diameter, typically surrounded by a 
lipid or polymeric shell. When activated by high acoustic pressures, 
these shells may become damaged, allowing the release of free gas 
bubbles. Demonstrable harm can result when tissues containing 
gas-filled contrast agents are exposed to ultrasound under so-called 
'high MI' conditions. Capillary rupture can occur, with leakage of 
blood contents into the surrounding extravascular space. 50,51 In 
addition, ventricular extra-systolic contractions can be induced 
during cardiac scanning. 52 Without the addition of contrast materi¬ 
als other gas body activity of the type outlined above may occur at 
any gas/tissue interfaces within the body for example in the lung 
or intestinal tract. 

Cavitation and tissue 

• Inertial cavitation is potentially damaging to tissue. 

• The use of contrast agents enhances the likelihood of ultrasound- 
induced cavitation. 

• In the absence of contrast agents there is no evidence of 
cavitation occurring in vivo at current diagnostic exposures. 
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Definition of Ml 

A safety index displayed on a scanner allows a user to manage 
acoustic exposure in such a way that the risk of cavitation effects is 
minimised. The mechanical index, (MI) is formally a predictor of 
inertial cavitation and was derived from a theoretical analysis 
which predicts the onset of inertial cavitation in water or blood, 
given the existence of available bubbles. The index is related to 
acoustic pressure and frequency according to the equation: 

Ml = pj'lf 

where p r is the in-situ rarefaction pressure and / is the acoustic 
frequency. 


Mechanical index in clinical practice 


Situations of potentially higher risk 

In the following situations tissue is particularly vulnerable to gas 
bubble activity and/or acoustic cavitation in an acoustic beam and 
exposures should be well managed: 

1. Echocardiography in premature infants, particularly in 
combination with lung surfactant therapy. 

2. Any clinical application of ultrasound involving contrast 
materials (further discussed in Chapter 6) or saline for 
endometrial evaluation. 

3. The incidental exposure of any tissue/air interfaces such as 
lung and intestine. 

4. Mechanical effects are equally likely to occur in pulsed 
Doppler beams and in B-mode imaging beams, since a very 
similar range of acoustic pressures is used in each mode. 

Reduction of Ml during scanning 

To reduce the MI, the acoustic pressure may be decreased by reduc¬ 
ing the acoustic output power using the transmit control. It is not 
possible to predict the outcome of altering the acoustic frequency, 
because any frequency change will also change the acoustic 
pressure. 


Reducing the risk of cavitation 

• The threshold for cavitation depends on the peak negative 
acoustic pressure and on the acoustic frequency. 

• The likelihood of cavitation occurring can be reduced by reducing 
the acoustic pressure if possible. 

• On most systems, Ml may be reduced by using the acoustic 
output control. 


Surveys of Ml values in clinical practice 

A UK survey of ultrasound exposure conditions investigated dis¬ 
played values of MI. 25 The greatest range of values occurred during 
abdominal examinations (0.4 to 1.6) and the average of the highest 
values (0.97) was also associated with this examination. MI values 
for obstetric and transvaginal applications had lower average 
maxima (0.74 and 0.7 respectively). Sheiner et al. 27 carried out a 
survey of MI during obstetric ultrasound examinations in the USA. 
The average MI was greatest during third trimester examinations 
where the average displayed value was 1.06 (range 0.2 to 1.5). MI 
is limited to 1.9 by FDA regulation. 


EPIDEMIOLOGY 


Epidemiology studies allow the effects of prenatal diagnostic ultra¬ 
sound on the exposed population to be studied directly. Necessarily 
such studies lag behind changes in practice and technology; much 
of the current evidence from epidemiology is based on examina¬ 
tions carried out 10 or more years in the past. During that time 
many changes have occurred. Equipment operating at higher 
maximum acoustic pressures and intensities is much more widely 
used; also transvaginal transducers, harmonic imaging, pulsed 
Doppler and contrast materials have all become available and are 
commonly employed. Hence epidemiological evidence can never 
be used to prove that current ultrasound practice is risk free. 

There are a number of issues surrounding the design of epidemi¬ 
ology studies. First of these is the need to find a matched unexposed 
control group. Since its introduction into clinical practice 40 years 
ago the use of ultrasound in fetal scanning has increased dramati¬ 
cally. It is now very unusual in the developed world for a fetus not 
to be scanned routinely with ultrasound. This makes it impossible 
to design new, large randomised studies which have unexposed 
control groups. 

Very commonly, ultrasound exposures are poorly documented, 
often including no record of acoustic power settings or duration of 
exposure, so making it impossible to demonstrate any relationship 
between effect and acoustic exposure. In any epidemiological study 
the selected outcomes are likely to be influenced by additional 
factors other than ultrasound exposure. Any clinical reason for 
additional or extensive ultrasound examination in utero may be 
associated with outcomes that are unrelated to the acoustic expo¬ 
sure. In order to produce statistically valid results, studies require 
very large groups of participants because, if there are ultrasound- 
induced effects, they would appear to be subtle and to occur with 
very low probability. 

None of this negates the importance of epidemiology studies; 
developments in ultrasound technology and increased acoustic 
power levels 53,54 make it essential that further epidemiological 
research into possible adverse effects of ultrasound on the develop¬ 
ing brain continues. 55 

Review of epidemiological studies 


An excellent review 56 of epidemiological studies which focuses on 
several key biological endpoints is summarised here. 

Childhood cancer 

In five well-designed studies no association was found between 
exposure to ultrasound in utero and childhood malignancy. 

Birth weight 

Many epidemiological studies have studied human birth weight in 
relation to ultrasound exposure and only one has given cause for 
concern. 57 This was a randomised controlled trial of 2834 pregnant 
women, a group of whom were offered continuous wave Doppler 
examinations during the third trimester of pregnancy. The outcome 
showed a small (statistically insignificant) reduction in birth weight 
in the babies exposed to Doppler ultrasound in utero. No other 
randomised trials have demonstrated an association between diag¬ 
nostic imaging examination and low birth weight. There is an 
expert consensus that ultrasound exposure during pregnancy does 
not result in reduced birth weight. 

Dyslexia 

One study of childhood development gave some cause for concern 58 
since the authors reported a significant proportion of children 
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exposed to ultrasound in utero to be dyslexic. This prompted 
careful follow-up studies designed to look at effects of ultrasound 
on the developing fetal brain. No associations were found between 
ultrasound and dyslexia, poor performance at school, poor vision 
or hearing or delayed neurological development. 59 

Handedness 

An association has been found between ultrasound exposure and 
non-right-handedness. 60 This was of borderline statistical signifi¬ 
cance and was restricted to boys. It was confirmed by the findings 
of an independent study. 61 This finding is not substantiated in 
studies where the sexes are not analysed separately. 62 A statistical 
association between ultrasound exposure and left-handedness is 
not indicative of harm to the developing brain. 

Conclusion 

Epidemiology studies to date show no association between ultra¬ 
sound exposure during pregnancy and childhood malignancies, 
reduced birth weight, dyslexia, or abnormal neurological develop¬ 
ment. It is impossible, however, to rule out an association between 
ultrasound and left-handedness among males. Further research is 
essential to ensure the continuing safety of ultrasound for obstetric 
examination. 


Evidence from epidemiology 

• Epidemiology provides direct information on human population 
exposed to ultrasound. 

• To date studies show no effect from prenatal ultrasound on birth 
weight, dyslexia, childhood cancer or neurological development. 


REGULATIONS AND GUIDELINES 


A number of statements have been issued by national and interna¬ 
tional organisations concerning the safe use of medical ultrasound. 
What follows is a summary of the main points of these guidelines 
and is not complete. Ultrasound practitioners are advised of the 
need to be familiar with the full guideline recommendations. 

Food and Drug Administration (FDA) 


Two alternative routes exist by which manufacturers can obtain 
Food and Drug Administration (FDA) approval in the USA for the 
manufacture and sale of ultrasound scanners, 1,2 The original 
requirement was for application-specific limited acoustic output 
and is rarely applied now. Currently the more commonly adopted 
route permits all equipment, except ophthalmology scanners, to 
operate to the maximum limit previously applied only for vascular 
scanning (so-called Track 3'). This route also requires on-screen 
displays indicating to the user the likelihood of thermal and 
mechanical effects. Current limits for this option are shown in 
Table 4.2. 

The following requirements apply to the display of safety 
indices: 18 

1. Not all ultrasound equipment is required to display on-screen 
safety indices. Only those systems capable of reaching an MI 
or TI of 1.0 are required to display that index, beginning at a 
value of 0.4 and increasing to the maximum in increments of 
no less than 0.2. 

2. Only one thermal index will be displayed (TIS, TIB or TIC) 
but the equipment must allow the user to retrieve the 
other two. 


Table 4.2 USA FDA 1 threshold exposures for diagnostic 
ultrasound equipment. All are estimated in-situ quantities, 
so-called ‘derated’ values 



/(spta), 
mW cm -2 

/(sppa), 

W cm -2 

Ml 

TI 

All except 
ophthalmology 

720 

190 

1.9 

6.0’ 

Ophthalmology 

50 

Not specified 

0.23 

1.0 


*The limit of 6.0 on TI is not absolute, but exposures in excess of this 
require justification. 

I(spta), spatial-peak temporal-average intensity; l(sppa), spatial-peak 
pulse-average intensity. 


3. TIC must be displayed for adult or neonatal transcranial 
applications. 

When TIs are sufficiently low for display not to be required, some 
manufacturers display the value, some do not. This may be advan¬ 
tageous for reasons not associated with safety, for example in the 
use of MI to control the behaviour of contrast agents. 

BMUS guidelines 


In the UK guidance on the safe use of ultrasound equipment is 
provided by the British Medical Ultrasound Society (BMUS). The 
information in this section is taken from the current guidelines 
available on the BMUS website. 63 

General guidelines 

1. Medical ultrasound imaging should only be used for medical 
diagnosis. 

2. Ultrasound equipment should only be used by people who 
are fully trained in its safe and proper operation. This 
requires: 

■ an appreciation of the potential thermal and mechanical 
bio effects of ultrasound 

■ a full awareness of equipment settings 

■ an understanding of the effect of machine settings on 
power levels. 

3. Examination times should be kept as short as is necessary to 
produce a useful diagnostic result. 

4. Output levels should be kept as low as is reasonably 
achievable whilst producing a useful diagnostic result. 

5. The operator should aim to stay within the BMUS 
recommended scan times (especially for obstetric 
examinations). 

6. Scans in pregnancy should not be carried out for the sole 
purpose of producing souvenir videos or photographs. 

Specific guidance for use of thermal and 
mechanical Indices 

Obstetric examination 

■ TIS should be monitored for scans during the first 10 weeks 
after FMP. 

■ TIB should be monitored for scans following 10 weeks after 
LMP. 

■ TI up to 0.7: no time restriction, but observe AFARA. 

■ TI up to 1.0: maximum exposure time of an embryo or fetus 
should be restricted to no more than 60 minutes. 
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■ TI up to 1.5: maximum exposure time of an embryo or fetus 
should be restricted to no more than 30 minutes. 

■ TI up to 2.0: maximum exposure time of an embryo or fetus 
should be restricted to no more than 15 minutes. 

■ TI up to 2.5: maximum exposure time of an embryo or fetus 
should be restricted to no more than 4 minutes. 

■ TI up to 3.0: maximum exposure time of an embryo or fetus 
should be restricted to no more than 1 minute. 

■ TI >3.0: scanning of embryo or fetus is not recommended, 
however briefly. 

Neonatal scanning 

■ MI >0.3: possibility of minor damage to neonatal lung or 
intestine. Restrict exposure time as much as possible. 

■ TI: use TIS for all transcranial and spinal scanning using the 
time limits given for obstetrics. 

Abdominal, peripheral vascular and other scanning 

■ Use TIB with less restrictive time limits than those for 
obstetric scanning; for example unrestricted time limit with 
ALARA for TIB <1.0: TIB >6.0 is not recommended. 

Fetal heart monitoring 

■ This modality is not contraindicated on safety grounds even 
when used for extended periods due to low acoustic power 
levels. 

Eye scanning 

■ TI >1.0: eye scanning is not recommended other than as part 
of a fetal scan. 

Transcranial ultrasound examinations 

■ TIC should be monitored. 

■ TIC >3.0 is not recommended. 

Use of contrast agents 

■ MI >0.7: risk of cavitation exists if a contrast agent containing 
microspheres is used and there is a theoretical risk of 
cavitation without the use of contrast agent. The risks increase 
with MI above this threshold. 

EFSUMB 


The European Committee of Medical Ultrasound Safety (ECMUS) 
within the Federation of Societies of Ultrasound in Medicine and 
Biology (EFSUMB) has published a revised Clinical Safety State¬ 
ment for Diagnostic Ultrasound. 64 This states that ultrasound pro¬ 
duces heating, pressure changes and mechanical disturbances in 
tissue, and ultrasound at diagnostic levels can produce temperature 
rises that are hazardous to sensitive organs and to the embryo/ 
fetus. Users are advised to check TI and MI during scanning and to 
adjust the machine controls to keep them as low as reasonably 
achievable without compromising the diagnostic quality of the 
examination. Where this is not possible, examination times should 
be as short as possible. 

ECMUS highlights that spectral pulse wave Doppler and 
Doppler imaging modes can produce higher TI values, indicating 
more likelihood of heating, than can B-mode imaging. Tissue har¬ 
monic imaging can also sometimes involve high MI values. 4D 
(real-time 3D) scanning involves continuous exposure and users 
should avoid prolonging the examination by attempting to improve 
the image sequence beyond what is required for diagnostic 
purposes. 


Ultrasound during pregnancy 

Care should be taken to limit the exposure time and the TI and MI 
to the minimum commensurate with an acceptable clinical assess¬ 
ment. There is no reason to withhold diagnostic ultrasound scan¬ 
ning during pregnancy provided it is medically indicated and used 
prudently by fully trained operators. Fetal heart monitoring is not 
contraindicated on safety grounds when used for extended periods 
of time. 

Other sensitive organs 

Particular care should be taken to reduce the risk of thermal and 
non-thermal effects during investigations of the eye and when car¬ 
rying out neonatal cardiac and cranial investigations. 

Contrast agents 

Situations in which damage to microvasculature could have serious 
implications should be treated cautiously, for example in the brain, 
the eye and the neonate. MI and TI should be continually monitored 
and kept as low as possible. Users should be aware that it is possible 
to produce premature ventricular contractions in contrast-enhanced 
echocardiography with high MI and take appropriate precautions 
and avoid cardiac examinations in patients with recent acute coro¬ 
nary syndrome or unstable ischaemic heart disease. 

WFUMB 


Recommendations of the World Federation for Ultrasound in Medi¬ 
cine and Biology (WFUMB) followed a symposium on the safety of 
ultrasound in medicine in 1997. 65 These make no reference to TI and 
MI because they predate their widespread introduction. More 
recently, WFUMB has published further recommendations for the 
safe use of ultrasound contrast agents. 66 

Recommendations on thermal effects 

A diagnostic exposure that produces a maximum temperature 
increase of no more than 1.5°C may be used without reservation on 
thermal grounds. 

A diagnostic exposure that elevates embryonic and fetal in-situ 
temperature to 41 °C for 5 minutes or more should be considered 
potentially hazardous. 

Recommendations on non-thermal effects 

Currently available data indicate that it is prudent to reduce ultra¬ 
sound exposure of the human lung to the minimum necessary to 
obtain the required diagnostic information. Gas bodies introduced 
by a contrast agent increase the probability of cavitation. When 
tissue /gas interfaces or contrast agents are not present the use of 
B-mode imaging need not be withheld because of concern for ultra¬ 
sound safety. When tissue/gas interfaces or contrast agents are 
present, ultrasound exposure levels and duration should be reduced 
to the minimum level necessary to obtain the required diagnostic 
information. 

Recommendations on contrast agents 

Clinical users should balance the expected clinical benefit from 
ultrasound contrast agents against the possibility of associated bio¬ 
effects. Caution should be exercised in the use of microbubble ultra¬ 
sound in tissues where damage to microvasculature could be 
dangerous. Some areas of concern include the brain, the eye, the 
fetus and the neonate. Clinical users of contrast echocardiography 
should be alert to the possibility of cardiac rhythm disturbances. 
Electrocardiograms should be monitored during these procedures. 




References 


The mechanical index (MI) is a useful but imperfect guide for 
safety and no absolute threshold can be defined. Bioeffects have 
been observed in small animals in ultrasound contrast agent studies 
with MI as low as 0.4; the clinical implications are yet to be 
determined. 

Strategies that reduce the likelihood of bioeffects include: 

1. scanning at lower MI 

2. scanning at higher frequencies 

3. reducing total acoustic exposure time 

4. reducing contrast agent dose 

5. adjusting the timing of cardiac triggering (end-systole being, 
in general, the most vulnerable phase for triggering 
ventricular arrhythmias). 

The use of contrast agents in a diagnostic ultrasound study 
should be avoided 24 hours before lithotripsy procedures. 
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INTRODUCTION 


Strictly, an artefact is any man-made object; in radiology the term 
is used in a looser sense to describe unwanted information gener¬ 
ated in the process of image formation. 1,2 Most artefacts interfere 
with interpretation, though there are occasional 'friendly artefacts' 
which contain diagnostically useful clues (e.g. acoustic shadowing). 
Ultrasound is particularly prone to artefacts: their recognition and 
avoidance form a major part of the skill and art of sonography. 3 


NOISE 


Two types of noise beset all imaging systems: random and struc¬ 
tured. All electrical components produce random voltage changes 
at low level; when these are amplified they appear as a fluctuating, 
moving pattern of fine grey spots resembling a snowstorm. Since 
the scanner's electronic components are designed to keep such 
noise at low levels, it is only seen when high degrees of amplifica¬ 
tion are applied and so is usually most obvious in the deeper parts 
of the image where the time gain control (TGC) amplifier adds most 
to the overall receiver gain (Fig. 5.1). Noise is also produced by 
tissue where it arises from random vibrations of molecules. Noise 
sets the limit to the maximum depth that can be reached at a given 
transducer frequency. Because this type of noise is random in time, 
its effects can be reduced by temporal smoothing (the scanner con¬ 
trols for this are labelled 'frame averaging' or 'persistence' on some 
machines). With this technique the information in two or more 
images is added together. The 'real' information is reinforced while 
the random noise tends to cancel out. Another way to reduce 
the impact of noise is to encode the transmitted pulses so that the 

Noise 

• May be random, producing a snowstorm pattern. 

• May be structured, producing bands or stripes recognised by 
their non-anatomical appearance. 


corresponding echoes can be picked out from the noise by recognis¬ 
ing the encoded signature in the receive circuitry. This approach 
has been implemented in high-end scanners and allows the use of 
higher-frequency transducers, thus improving the spatial resolution 
of the images. 

Random noise may also be produced by electrical interference but 
in this case it usually forms patterned signals such as flashes or bars 
in the image; structured noise such as this is known as clutter (Fig. 
5.2). It is caused by pick-up of extraneous signals in the radio¬ 
frequency band, the transducer acting as an antenna, or by electrical 
pulses breaking through into the mains or interconnecting cables to 
attachments such as recorders. The noise they produce is usually 
obviously artefactual, the interference appearing randomly or inter¬ 
mittently, sometimes coinciding with the switching of a nearby 
motor or diathermy unit. Transient pulses can also wreak havoc 
with the digital circuitry of the scanner computer, causing it to lock 
up or otherwise misbehave. Mains filters or even shielding of the 
scanning room may be required in severe cases. 

Structured noise can also be caused by body or probe movements. 
In practice these are usually too low in amplitude to produce detect¬ 
able signals in B-mode but they are important as motion artefacts 
in Doppler. However, in phase inversion harmonics, used either in 
the tissue harmonic mode or with microbubbles, motion artefact can 
be apparent as flashes of grey highlights when the probe is swept 
across a structure. 4 This arises because the system is sensitive to 
differences between sequential pulses (see Chapter 6). 

There are numerous other sources of noise such as interference 
from the scan-head motor and faulty connections and soldered 
joints which may affect ultrasound scanners, but they are uncom¬ 
mon and generally not diagnostically confusing, though rectifica¬ 
tion requires specialist service engineers. Structured noise due to 
multiple reflections and side lobes is discussed in the section on 
multiple echoes later in the chapter. 


SCATTERING AND SPECULAR 
INTERFACES 


Two distinct types of ultrasound echo formation are recognised and 
each produces important artefacts. Echoes arising from small 
regions 5 (around the ultrasound wavelength, say 0.1-1 mm) where 
there is a change in impedance are known as scattered echoes 
because they are sent out more or less uniformly in all directions. 6 
It follows that the amount of ultrasound energy returning to the 
transducer from each scattering structure is extremely low (e.g. if 
the scattering is truly omnidirectional, then only some 0.25% is 
received by the transducer, depending on its diameter and on the 
depth of the scatterer); generally this signal will be too weak to be 
detected. However, when a group of such weak scatterers lies in the 
beam (this is the usual situation when, for example, they are the 
surfaces related to liver lobules or renal tubules), the echoes combine 
to form an interference pattern, cancelling out in some directions 
but summing in others to produce signals strong enough to be 
detected (Fig. 5.3). The near-random pattern that results is known 
as speckle: it is the acoustic equivalent of the speckled texture seen 
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Figure 5.1 Gain-related noise. A: The combination of high overall gain and the high TGC amplification at depth may produce random 
noise in the image. Though this is present throughout the deeper parts of the image, because it is masked by the echoes from tissue 
structure, the noise is most obtrusive in echo-free regions such as within the urinary bladder. B: In this case, correction of the excessive 
gains removed the noise but this cannot always be achieved without also darkening the structure whose display is required. 



Figure 5.2 Structured noise. Persistent oblique bars (arrowheads) 
on these images were found to be due to electrical interference 
to the scanner by a nearby diathermy apparatus. Similar effects 
can be produced by radio transmitters and by stray fields from 
poorly shielded television monitors and video recorders. CB radio 
transmitters are particularly troublesome offenders. Note also the 
comet-tail artefact (arrow) (see also Fig. 5.15). 


under laser light, for example in a hologram. The ultrasound 
pattern, though isotropic (i.e. uniform regardless of scanning direc¬ 
tion), is only indirectly related to the real tissue structure: the dis¬ 
played texture is actually a convolution of the real structure by the 
ultrasound pulse shape. Thus a pixel on the ultrasound image of 
the parenchyma of, say, the liver cannot be expected to correspond 
to a histological interface in the organ. Because the speckle pattern 
is as much produced by the transducer as by the tissue, the same 
organ will produce a different texture with different transducers 
and tissues with different histological structures may have indistin¬ 
guishable appearances on ultrasound - an example is the near¬ 
identical texture of liver and spleen. 

When the reflecting surface is flat (relative to the ultrasound 
wavelength), it behaves like a mirror so that the direction of 



Figure 5.3 Specular and scattered echoes. Scattered signals 
account for the low-intensity parenchymal echoes from the liver 
(I) and kidney (k). Their appearance is independent of the direction 
of the ultrasound beam. Specular echoes arise from the flatter 
structures of the peritoneal and fascial layers separating the liver 
from the kidney. These echoes are strongly dependent on the angle 
between the beam and the surface, being intense when the surface 
is aligned at 90° (arrow) but weak or even completely absent when 
the beam runs along the interface (arrowhead). Note also the rib 
shadow (s). 

reflection equals the angle of incidence. Since the focused beam of 
ultrasound is not dispersed, all of the reflected energy can be picked 
up by the transducer so that the signals are much stronger than for 
scatterers. However, they are intensely directional and thus are only 
detected when the transducer is correctly directed, i.e. when the 
surface is at right angles to the beam in standard pulse-echo 
imaging. As the surface is tilted away from the right angle, the 
signal intensity falls off rapidly; in fact, were it not for the tolerance 
afforded by the beam width and the fact that real biological surfaces 
are rarely mirror-smooth, any tilting of the surface from 90° would 
cause the echo to be lost and this constraint would apply in both 
the scanned and orthogonal planes. In practice most interfaces are 
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Figure 5.4 Missing echoes. When flat surfaces that lie along 
the beam are not depicted, very confusing images are produced. 

A: An example is the wall between a dilated lower common bile 
duct and the adjacent portal vein in the head of the pancreas. The 
duct seems to form part of the vein and may be missed altogether. 
B: The interface is readily detected when the transducer is 
appropriately angled (arrow). (The obstruction was caused by 
enlarged lymph nodes (n) in the head of the pancreas.) C: A similar 
situation can be seen in this hyperstimulated ovary: when the 
ultrasound beam runs along the interface between the largest cysts 
(c) it is hard to make out, but D: moving the transducer a little to 
one side reveals it clearly (arrowheads). E: In this scan of a normal 
rotator cuff in the shoulder, the tendon (arrowheads) appears more 
reflective where the beam strikes it at right angles anteriorly. As the 
ligament curves laterally, it seems to be less reflective. This artefact 
can erroneously suggest tendon damage, h, head of humerus. 


detectable up to angles of more than 60°, albeit with diminished 
intensity, depending on the particular structures involved (Fig. 5.3). 
A situation where this may cause confusion is in scanning tendons, 
whose fibrillar structure gives strong echoes when they lie at right 
angles to the beam but at oblique angles appear as relatively echo- 
poor, simulating a tear or tendinosis. 7,8 

However, beyond some limiting angle, flat surfaces are not 
imaged and this can be confusing (Fig. 5.4). It accounts for the 


apparent communication sometimes seen between the inferior 
vena cava and the aorta when these lie close together, for the 
failure to image the sides of the globe of the eye, and for the 
invisibility of the superior surface of the urinary bladder in 
ascites scanned from certain angles. Such 'missing' surfaces can 
be demonstrated by scanning from other angles: the sonographer 
needs to be aware of the problem to avoid serious diagnostic 
errors. 
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Figure 5.5 Acoustic shadowing. When a structure absorbs more sound energy than its surroundings, the TGC correction is inadequate 
for that region and the deeper structures appear darker: this is known as acoustic or distal shadowing. A: Produced by fibrosis in a breast 
surgery scar and B: by gallstones in the gallbladder (arrowhead), p, portal vein; s, shadowing. 


Table 5.1 Types of shadowing 


Type 

Source 

Attenuation 

Attenuation higher than 


TGC compensation 

Reflective 

Near-total reflection 

Edge 

From curved surfaces 


Interfaces 

• Speckle is often misinterpreted as information. 

• Loss of signal from specular interfaces beyond a critical angle 
leads to confusing gaps in the image. 

• Mirror artefacts can be very confusing, especially from pelvic 
bowel gas. 


SHADOWING AND INCREASED SOUND 
TRANSMISSION 


The commonest form of shadowing (and its counterpart, increased 
through transmission of sound) are perhaps not true artefacts and 
their presence provides important diagnostic information about the 
attenuation of the tissues responsible for them (Table 5.1). 9,10 Shad¬ 
owing occurs when a region of the tissue has a higher attenuation 
coefficient than the majority of the tissue in the scan; since the TGC 
(which corrects for the attenuation with depth) can only be set for 
an average value, an inadequate correction will be applied to this 
region so that both it and the tissues deep to it are depicted as less 
reflective than they actually are (Fig. 5.5). The dark band is referred 
to as an acoustic or distal shadow. Conversely, if a region of tissue 
attenuates less than its surroundings, echoes from it and the deeper 
tissue are overcorrected and appear as a bright band known as 
'enhancement' but, in view of the enhancing effects of microbubble 
contrast agents (see Chapter 6), it is perhaps better termed 'increased 
through transmission' or 'distal bright-up' (Fig. 5.6). The degree of 
shadowing and increased sound transmission is determined by the 



Figure 5.6 Increased through transmission. The fluid in a cyst 
absorbs very little of the sound energy passing through it so that 
the TGC, which has been adjusted to correct for attenuation in 
the surrounding tissues (here, the liver) is locally excessive. The 
deeper tissues are depicted as being more reflective giving a lighter 
band (arrows) known as distal or acoustic enhancement, c, cyst; 
p, portal vein. 


difference in attenuation from the surrounding structures as well as 
the path length through the anomalous region. Thus these effects 
provide clues to the attenuation of the tissue regions responsible - 
they can be thought of as 'friendly artefacts'. Ways to reduce shad¬ 
owing and increased through transmission have been developed 
and promise to facilitate correct setting of the TGC. 3 

Since shadowing is simply loss of acoustic signal for a tissue 
region, it can also be produced by an extremely efficient reflector 
(Fig. 5.7). 11 Gas bubbles or regions of calcification, for example, 
where 99% and 80% of the incident sound beam is reflected back 
respectively, cast acoustic shadows because very little of the sound 
energy penetrates to insonate the deeper tissues (in addition, any 
echoes from them would probably not cross the reflective layer on 
the return journey since they would be re-reflected distally). 











Multiple echoes 



Figure 5.7 Reflective shadowing. When an interface reflects all 
or almost all of the incident sound energy, a situation that is typical 
of gas (here, gas in the common bile duct), so little penetrates that 
a band of distal shadowing (S) results. Though the effect is the 
same as with absorptive shadowing (compare with Fig. 5.5), the 
mechanism is different. The intense flat reflector that the gas forms 
often leads to reverberation artefacts (R) that partially fill the shadow 
(compare with Fig. 5.14). 


However, it should be noted that, for most soft tissues, only a small 
proportion of the loss of energy from the beam (i.e. the attenuation) 
is due to reflection (in fact only between 1% and 20%) so that echo¬ 
genicity does not correlate closely with attenuation. Echogenic 
fluids (e.g. crystalline bile or a pyonephrosis) are examples where 
strong echoes are associated with increased through transmission 
(Fig. 5.8). 

An interesting and sometimes confusing form of shadowing 
occurs deep to the edges of strongly curved surfaces such as vessels, 
cyst walls and fetal skull (Fig. 5.9). Fine, dark lines are seen extend¬ 
ing distal to such edges; in the case of a cyst, they are striking by 
contrast with the increased through transmission behind the cyst 
itself. Two explanations have been offered (Fig. 5.10). In the refrac¬ 
tive model, the ultrasound beam is dispersed as it is reflected from 
the curved edge because the leading edge of the ultrasound beam 
strikes it at a different angle than the trailing edge. Thus the ultra¬ 
sound energy is spread through a larger tissue region and so the 
returning echoes are weaker, resulting in a 'shadow'; at the same 
time, the velocity differences may focus the beam in the region 
immediately deep to the structure, increasing the signals here. 12 
Simple geometric reflection, as from a flat surface, would not have 
the same effect, for a mirror image of the tissues it strikes will be 
superimposed on the band immediately behind the edge; this is the 
mirror image artefact (see below). The other explanation presumes 
that the tissue of the wall of the curved structure has a higher 
attenuation than the surrounding tissue; the ultrasound beam 
passing along the edge must pass through three to four times as 
much of this tissue than that crossing at the diameter and therefore 
will be attenuated more. The effect is familiar to those who have 
used a hacksaw in plumbing: cutting a pipe is difficult at first, 
becoming easier towards the centre of the pipe before becoming 
more difficult again as the full thickness of the other side is cut. In 
this model the edge shadows are a form of attenuation, but only of 
the wall material, not of the contents. The two mechanisms could 
coexist in different situations. 



Figure 5.8 Echogenic fluid. Since in many real situations only 
a small amount of energy is removed from the beam by reflection, 
it is quite possible to encounter debris-containing fluids that are 
accompanied by enhancement. In this example echogenic bile 
(arrowhead) partly fills the gallbladder. 


Sound transmission 

• May be ‘friendly’, as increases behind cysts. 

• Intense shadowing deletes information. 

• ‘Enhancement’ suggests an effect of microbubble contrast 
agents, so ‘increased sound transmission’ is preferred. 


Edge or refractive shadows do not have the same diagnostic 
significance as bulk shadowing. Unfortunately, edge shadows com¬ 
monly occur in situations where shadowing suggests calcification 
(e.g. in the kidney, arising from vessel walls in the renal sinus) or 
malignancy (e.g. in the breast, where they arise from Cooper's liga¬ 
ments); they must be recognised for what they are and dismissed. 


MULTIPLE ECHOES 


A basic and critical assumption in pulse-echo ultrasound is that the 
ultrasound beam returns directly to the transducer after a single 
reflection. 13 Where the geometry allows multiple reflections to 
occur, multiple images are formed, and sometimes these are confus¬ 
ing. Repeat echoes are more likely to occur where the reflections 
are strong and this implies flat surfaces giving specular echoes. 
Since the path lengths for multiples are longer, the corresponding 
images are depicted as lying deeper in the body and they are weak¬ 
ened as the ultrasound is attenuated. Therefore, multiple echoes are 
more likely to be observed when the surfaces are close together and 
when the intervening tissue is of low attenuation, for example when 
it is a fluid. 

An example of a single echo is the mirror image artefact where a 
repeat of a structure is depicted on the 'other side' of a specular 
reflector and equidistant from it. 14,15 This effect is readily demon¬ 
strated for the diaphragm: imaged from below through the liver, 
echoes commonly appear above the diaphragm and sometimes dis¬ 
crete structures in the normal liver or focal lesions can be recognised 
there (Fig. 5.11). This is not the appearance of lung (which is seen 
as an intensely reflective band when imaged intercostally) and is 
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Figure 5.9 Edge shadows. Edge or refractive shadows (s) are 
commonly produced by smooth curved surfaces. In A such a 
shadow (arrows) is seen beyond a fold within the gallbladder (g), 
while in B the upper pole of a normal testis (t) and the surface 
of the head of the epididymis (e) have had the same effect. 

In C metastasis in the liver has produced an edge shadow 
from one margin. 


Attenuation model 


A B Refraction model 



Figure 5.10 Mechanisms of edge shadows. Edge shadows are fine echo-poor 
lines extending deep to the edges of strongly curved structures. Two possible 
mechanisms are illustrated. On the left is the attenuation model, which proposes 
that the wall is more attenuating than the surrounding tissue; since the beam 
traversing the edge of the wall ‘A’ must traverse three times the thickness of the 
wall as the beam ‘B’ passing through the diameter of the curved structure, it is 
more heavily attenuated. On the right is the refractive model, which proposes that 
the beam is dispersed as it reflects from the curved edge which is struck at more 
than the critical angle; the returning echoes from the spreading beam have less 
energy than echoes from a confined beam, so that, even though they are reflected 
from the interfaces they encounter, their intensity is reduced. In either case the 
shadows should not be construed as signifying high attenuation, as would 
ordinarily be the case. 










Multiple echoes 



Figure 5.11 Mirror image artefacts. The apparent tissue normally visualised above the diaphragm in the right lower zone of the chest is 
actually artefactual, being produced by the air-pleura interface acting as an acoustic mirror. Sometimes recognisable structures feature 
in the artefact, forming ‘ghost images’. An example (A) is a branch of the right hepatic vein (arrow), while in B a blood vessel (arrow) 
is cut in cross-section. In this image the diaphragm appears as a triple-layered structure: probably this is a mirror image of thickening of 
the diaphragmatic peritoneum. C: Since the artefact depends on reflection from the air surface, where this is replaced, such as by 
consolidation or a pleural effusion (pe), the artefact no longer occurs. D: Pathological changes may appear as ‘ghost lesions’; an example 
is the haemangioma in the upper part of the right lobe of the liver. It has its mirrored counterpart (arrow), seemingly within the chest, d, 
diaphragm; hv, hepatic vein. 


attributable to the beam reflecting back into the liver from the dia¬ 
phragm. 16 Actually the reflecting surface is probably the air-pleura 
interface since the muscle of the diaphragm itself would be expected 
to act as a scatterer rather than a specular reflector. 

Generally this artefact is not a diagnostic problem and on rare 
occasions it may actually be useful, for example when it reveals 
increased sound transmission beyond a peripheral liver cyst where 
it would otherwise be invisible as it falls onto the diaphragm; since 
this is already shown as a full white on the screen no further 
increase in intensity can be depicted. In other situations the mirror 
artefact is confusing; in the pelvis, for example, a repeat echo of the 
bladder or of structures immediately posterior to it (the rectum or 
sigmoid) may appear as a deeper line marking the back of an echo- 
poor mass (Figs 5.12 and 5.13). In fact the echo-poor region is the 
mirror image of the bladder. The typical position should arouse 
suspicion that it is artefactual and the back wall of the 'mass' often 
lies beyond the position of the sacrum and so is anatomical non¬ 


sense. A further clue is the weak superior and inferior walls com¬ 
pared to the strong anterior and posterior walls. 

Multiple repeat echoes are known as reverberations. They are 
produced when two strong reflectors lie parallel to each other. By 
far the commonest example of this is when a flat surface such as a 
gas pocket or a stone is parallel to the skin surface where the skin- 
transducer interface forms the second reflector (Fig. 5.14). Ultra¬ 
sound reflected from the gas travels back to the transducer in the 
usual way to generate a correctly placed image, but a proportion of 
the echo is re-reflected back into the tissue, retracing its path. On 
its second reflection from the gas surface it produces a second 
image at twice the depth of the real image. Sequential repeat echoes 
are depicted deeper behind the first ('real') echo. A striped pattern 
results, with the deeper multiple echoes becoming weaker because 
of loss of sound energy due to incomplete reflection at the surfaces 
and to attenuation by the intervening tissues. Since weaker echoes 
appear to be narrower than stronger ones, the reverberating bands 
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Figure 5.12 False pelvic mass. Ultrasound reflecting from the 
gas surfaces in pelvic bowel loops may be re-reflected into the 
tissues and produce a second-time-around echo depicted at twice 
the depth of the gas surface (arrowheads). Here it may simulate a 
deep interface forming the back wall of a pseudomass which is 
nothing more than a mirror artefact. The typical geometry, the 
anatomical impossibility of a mass lying so far posteriorly and the 
lack of superior and inferior walls are clues to its artefactual nature, 
b, bladder; g, gas in bowel; m, mass; u, uterus. 


Skin 



Figure 5.13 Mechanism of the false pelvic mass. The strong 
interface of bowel gas immediately posterior to the bladder acts as 
a mirror, reflecting the sound beam back to the transducer from 
which a proportion is re-reflected into the tissues to give a repeat 
or second-time-around image that simulates the back wall of a 
large pelvic mass. 


Reverberation 

• Multipath signals can be very confusing. 

• Vigilance is required to avoid misinterpretation. 

• Reverberations in cysts are especially troublesome. 

• Sometimes helpful as ‘comet tails’ behind gas and metallic 
bodies. 


become shorter as well as less intense with depth. The spacing 
between the bands depends on the distance between the reflectors; 
if they are very close together the echoes may merge to form a 
reflective band in which the individual components cannot be dis¬ 
cerned (Fig. 5.15). A bright streak appears on the display, forming 
a tail distal to the image of the causal structure, itself usually 
strongly reflective. The whole complex looks rather like a comet 
with its bright tail. 17,18 

This 'comet-tail' artefact is commonly seen deep to calcifications 19 
and foreign bodies such as surgical clips, implants (including 
IUCDs) and catheters. Bullets and shrapnel may also cause the 
comet-tail effect, as may small fluid cavities such as the Aschoff- 
Rokitansky sinuses in the wall of the gallbladder in adenomyosis. 
Presumably here the sound reverberates within each fluid space, 
echoing repeatedly from its walls. The same phenomenon probably 
accounts for the comet tail commonly seen distal to frothy or foamy 
collections of gas bubbles, the sound reflecting repeatedly from the 
outer surfaces of the gas bubbles in all directions within the inter¬ 
vening fluid so that a continuous stream of sound escapes, some of 
which returns to the receiving transducer. The effect is often 
observed from gas within the duodenal cap and is transient as a 
peristaltic wave moves the gas on. 


VELOCITY ERRORS 


An important assumption of the pulse-echo technique used in ultra¬ 
sound imaging is that the velocity of ultrasound in soft tissues is 
constant. In fact this is not quite true, fat, for example, conducting 
ultrasound some 15% more slowly than most other soft tissues 
(Table 5.2). 20-23 Prosthetic materials show more marked deviations; 
for example, silicone used for breast augmentation and testicular 
implants has a sound speed of about half that of soft tissue. 

The average velocity of 1540 m/s used to calibrate scanners cor¬ 
responds to a delay-to-depth conversion constant and the scanner 
is calibrated so that every 13 jus delay in the echoes after the trans¬ 
mit pulse corresponds to 1 cm depth on the final image. Where a 
tissue conducts more slowly the echoes from deeper structures are 
further delayed and are therefore depicted as originating from 
deeper in the body (Fig. 5.16A). 23,24 This geometric distortion does 
not affect lateral dimensions of the image since this is set by the 
scanning action of the transducer rather than by the speed of sound. 
For the most part, velocity errors are too small to be clinically 
important, though, especially for silicone implants, the effects may 
be surprisingly marked. However, in ophthalmic measurements, 
where great precision is required, the distortion caused by the sig¬ 
nificantly higher velocity in the lens can be important. The speed 
of sound in the lens of the eye is 1620 m/s; regions of the retina 
imaged through it appear closer than the parts imaged through the 
sclera so that a shelf-like anterior distortion is produced (known as 
Baum's bumps after the sonologist who first described them; 
Fig. 5.16B). 25 

Changes in velocity also produce refractive artefacts: the ultra¬ 
sound beam deviates from its straight line path when it crosses 
obliquely between two tissues of different velocities (Fig. 5.17). The 
beam is bent towards the 90° line when entering a 'slower tissue' 
and vice versa. The scanner, of course, continues to operate on the 
assumption that the beam follows a straight line so that reflectors 
distant to the surface are incorrectly plotted to the side of their true 











Velocity errors 



Figure 5.14 Reverberation artefacts. A: A second-time-around signal occurs when a strong reflector, in this example the anterior 
surface of the bladder, lies parallel to the skin-transducer surface so that some of the received signal is re-reflected into the tissue to be 
received as a false surface (arrowhead) at twice the depth of the real surface. The mechanism is the same as for the false pelvic mass (see 
Fig. 5.13) There are also complex reverberations (r) giving an impression of noise in the anterior part of the bladder. B: The same effect 
occurs in solid tissue, here across a kidney (arrowheads), though here it is often masked by the tissue echoes themselves. 



Figure 5.15 Comet-tail artefact (A and B): When a pocket of gas forms a foam, there is the possibility for multiple, almost random 
reflection paths between the bubbles to produce trains of echoes. They are seen as intensely reflective lines (arrows) extending deep to 
the gas. This is most commonly seen from the duodenum (arrowheads). 
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Figure 5.16 Velocity errors. When traversing a region where it is conducted slowly, the sound beam takes longer to complete the 
go-and-return pathway, so that echoes from beyond it are depicted deeper in the image than their real positions. A: In this example, 
a fatty metastasis (m) in the liver has slowed the sound beam so that the diaphragm (d) appears to have a shelf (arrow). B: The reverse 
situation, where a high-velocity region is traversed, as is the case for the lens (I) of the eye, moves the portion imaged through it closer. 
The resulting distortion, known as Baum’s bumps (arrows), can cause serious errors in eye diameter measurements. 


Table 5.2 Velocity of ultrasound in biologically important 
materials (from Wells, 20 Goss et al. 21 and Bamber 22 ) 

Tissue type 

Velocity (m/s) 

Air 

330 

Fat 

1450 

Water (20°C) 

1480 

Amniotic fluid 

1510 

Brain 

1565 

Blood 

1570 

Kidney 

1560 

Muscle 

1580 

Liver 

1600 

Uterus 

1630 

Skin 

1700 

Lens of eye 

1650 

Fascia 

1750 

Perspex 

2680 

Bone 

3500 

Soft tissue average 

1540 


position. The degree of displacement depends both on the speed of 
sound difference and on the distance of the object from the surface. 
A particular situation where this lateral distortion is important 
clinically is in transabdominal pelvic scans. The beam crossing the 
wedge-shaped fat space around the rectus muscles is refracted so 
that deep pelvic structures (e.g. the uterus or prostate) can appear 
stretched laterally (Figs 5.18 and 5.19). 26,27 A transverse obstetric 
measurement made under these circumstances may be in serious 
error. In extreme cases the object, for example a gestational sac, may 
seem to be duplicated giving rise to the false appearance of twins 
- this is one reason for the phenomenon of the Vanishing twin' 
noted when ultrasound was first used in early pregnancy. The 
distortion disappears when the transducer is moved so as to image 


Incident 

ultrasound beam 



Refracted 
ultrasound beam 


Figure 5.17 Refraction of ultrasound. When the ultrasound 
beam crosses obliquely between two tissues of differing velocities, 
the beam is refracted to emerge in a new direction. The situation is 
exactly the same as the refraction of a light beam. The diagram 
illustrates the effect of crossing into a material that conducts the 
ultrasound more slowly: the sound in the leading edge of the beam 
(/) is slowed first, while sound towards the trailing edge (f) is 
affected later. This results in the entire beam being refracted 
towards the 90° direction. The converse occurs when the deeper 
medium conducts faster. 


the pelvis through the centre of the muscle and this allows the 
appearance to be recognised as artefactual. It is also less common 
in longitudinal scans (because the alignment of the fat-muscle inter¬ 
face is changed) and in the epigastrium (presumably because there 
is less fat here). 









Velocity errors 




Figure 5.18 Refractive artefacts. A: Refraction of the ultrasound 
beam by the fatty tissues in the anterior abdominal wall can 
produce split or double images such as this apparent double wall 
at the back of the bladder (arrowhead). B: Its artefactual nature is 
clear when the duplication disappears on moving the transducer 
slightly to one side. C: The ‘split image’ artefact is less common in 
the upper abdomen, perhaps because there is usually less fat and 
less muscle here, but occasionally apparent duplication of the 
super mesenteric artery is seen (arrows). The aortic wall also 
appears to be stretched laterally, a, aorta; s, stomach. 
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Figure 5.19 Double images in the pelvis. (A) When the 
ultrasound beam strikes the slower-conducting layer of fat, it is bent 
towards the midline so that medial structures are displayed lateral 
to their true position (B). They therefore appear laterally stretched 
(C) or even duplicated, leading to confusing or even serious 
diagnostic errors. 


Velocity errors 

• Refraction errors produce stretched or even double images. 

• Fat prism behind the linea alba is a common cause. 

• Possible cause of ‘lost twins’ in early pregnancy. 


The mechanism by which the ultrasound beam is focused 
depends on the compression and rarefaction waves of which it is 
composed coinciding in their proper phase at the focal zone and, 
in the same way, at the transducer surface during receive focusing. 
If the velocity in the intervening tissue is different from the cali¬ 
brated value, the focal zone is shifted and, when the intervening 
tissue has heterogeneous velocities, defocusing will occur because 
the waves no longer coincide precisely, some arriving early when 
the propagation path includes tissues of a high velocity, others 
arriving late when the path includes fat, for example. The beam is 
thus defocused, degrading the lateral resolution. This effect partly 
accounts for the marked variation in ultrasound image quality from 
patient to patient, despite which the quality of images from obese 
subjects is sometimes surprisingly good. The larger the transducer 
aperture used, the worse the effect; this is probably why 
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sophisticated systems such as high-resolution linear arrays in which 
500 or more elements are used to form each ultrasound line give 
such exquisite images in 'easy' subjects, but perform badly with 
'difficult' subjects, in whom images from smaller, simple transduc¬ 
ers may be less degraded. 


BEAM WIDTH 


Unfortunately the real ultrasound beam shape falls far short of the 
desired uniformly narrow laser-like configuration that would be 
optimal. 28 A typical actual focused beam (Fig. 5.20) consists of a 



Figure 5.20 Ultrasound beam shape. In this Schlieren tank 
photograph of the ultrasound field from an unfocused disc 
transducer, the main beam is accompanied by several side lobes 
emitted at angles from the central axis. The width of the main beam 
limits resolution in the transverse direction. The side lobes cause 
falsely positioned images. (Taken by Hiedemann E and 
Osterhammel K; discussed in Hiedemann E and Osterhammel K, 
Optische Untersuchung der Richtcharakteristik von 
Ultraschallquellen. Z Phys 1937;107:272-282, Hiedemann E and 
Osterhammel K: Untersuchung von Schallamplitudenfeldern mittels 
einer Methode der Isochromaten. Proc Ind Acad 1938;8:275-80 
and 1938;8:23, and Osterhammel K, Optische Untersuchung der 
Schallfelder kobenformig schwingender Quarze. Akust Z 
1941;6:78-86). 


disturbed region immediately in front of the transducer surface, 
then a near field that progressively narrows to the focus, after which 
it spreads rapidly in the far field. In addition to this main beam 
there are side lobes, low-energy beams directed at angles away from 
the centre line. 

Axial resolution depends on the pulse length, which is mainly 
determined by the wavelength; typically this might be 0.3 mm for 
a 5 MHz transducer and it does not change greatly with depth. In 
contrast, the width of the main beam defines the lateral resolution 
of the ultrasound image because adjacent objects can only be 
resolved separately if the beam is narrower than the distance 
between them. 29 If the beam is wider, they are depicted as one 
larger object on the screen. Because of the complex shape of 
the typical practical ultrasound beam, lateral resolution varies 
with depth, being best at the focal zone and deteriorating rapidly 
beyond it. 

The edges of the beam are not sharply defined; the ultrasound 
energy is concentrated on the centre line of the beam and falls off 
progressively from the centre line with a Gaussian distribution. 
This means that a strong reflector will continue to give detectable 
echoes further from the central axis than a weak reflector. In clinical 
terms this means that the resolution of ultrasound is better for weak 
reflectors. Strong reflectors tend to blur laterally and are therefore 
seen as cigar-shaped smears or streaks so that their width is exag¬ 
gerated. This is the 'beam width artefact' (Fig. 5.21), and is most 
obvious when the smearing overlaps an echo-free structure, often 
encountered when a gassy or bony structure lies adjacent to a fluid 
space. 30 However, it also leads to the general tendency to fill in small 
echo-free regions, such as ducts, and in part for the discrepancy 
between the ultrasound and X-ray measurements of the calibre of 
the bile and pancreatic ducts (the remaining discrepancy being 
attributable to the magnification on X-ray and to duct dilatation 
caused by contrast agents). 

Beam width artefacts also occur in the orthogonal plane, i.e. in 
the slice thickness. With circular transducers (either the simple disc 
type or annular arrays) the beam is symmetrical in all planes but, 
for linear and phased arrays, the beam is wider in the orthogonal 
plane. These artefacts are exactly the same as the slice thickness 
artefact in CT except that the ultrasound beam is not uniform with 
depth; low-level information derived from signals in adjacent 
planes is spuriously depicted in the image plane. 31,32 Typically, 
bands or lines are noted within echo-free spaces (Fig. 5.22). They 



Figure 5.21 Beam width artefact. Echoes arising from structures at the edge of the ultrasound beam, which has a finite width, are 
depicted as lying in the centre line of the beam. The more intense the reflection, the further off-axis its echoes will be received. A: In this 
example the strong echoes from a pocket of gas in pelvic gut loops (g) smear across the bladder (arrowheads). B: A beam spread artefact 
misplaces echoes from the reflective gas in gut loops (g) spread across the ascitic fluid (arrowheads). As is often the case with artefacts, 
they are more obvious when the false signal overlies an echo-free region but, in fact, are present everywhere to a greater or lesser extent, 
depending on the beam shape (mainly determined by focusing) and the reflectivity of the off-axis interfaces, a, ascites. 








Beam width 



Figure 5.22 Orthogonal beam width artefact. A: The low-level echoes (arrowheads) within this longitudinal section of the bladder are 
not due to debris or echogenic urine but are a beam width artefact arising from gas in adjacent bowel loops seen in B, the transverse 
section (arrow); because the artefact arises out of the plane of the tomogram, this variant of the beam width artefact is more difficult to 
recognise, b, bladder. 


may mislead the operator into thinking that the fluid contains 
debris. Because the 'offending' reflector is not visualised within the 
image, the orthogonal beam width artefact is more difficult to rec¬ 
ognise than the same artefact occurring within the scanned plane. 

Unfortunately, even this rather complex description of the shape 
of the ultrasound beam is incomplete because the profile is even 
further complicated by the inevitable presence of side lobes and, for 
array transducers, of grating lobes also. 33-35 Both these are misdi¬ 
rected, aberrant lines of ultrasound energy transmitted alongside 
the main beam. They have their exact counterpart in off-axis regions 
of sensitivity when the transducer is in the receive mode. Side lobes 
are generated as part of the beam focusing mechanism, whether by 
applied lenses or by curving of the transducer face, and consist of 
ill-defined beams, the first some 20° away from the main beam and 
much weaker than it (by about 40 dB). For a disc transducer they 
form a series of rings, while in the case of linear arrays they are 
asymmetrical, being differently positioned in the two planes. 

Grating lobes are similar but are produced by array transducers 
of all types; however, they tend to be more discrete and powerful. 
Grating lobes are less marked when the elements are small and 
numerous because the array then approximates more closely to a 
continuous transducer. Because they are weaker than the main 
beam, only strong reflectors cause serious side and grating lobe 
artefacts in clinical practice but if a gas bubble or bone surface 
happens to lie at the position of a side lobe then its grating lobe 
echo will be depicted in the line of the main beam (Fig. 5.23). The 
result is a convex-shaped streak that has been dubbed the 'Chinese 
hat artefact' (Fig. 5.24). Because these artefacts may appear consist¬ 
ently on rescanning the same region, they may be rather confusing. 
Often the cause can be visualised within the image, but side lobes 
can extend beyond the imaged area and do also occur in the orthog¬ 
onal plane. Because the same focusing mechanisms are used in 
Doppler, the same misregistration of signals may occur and be quite 
difficult to recognise. 

The introduction of tissue harmonic modes has reduced some of 
these artefacts and produces cleaner images, especially in 'difficult' 
subjects. 36 They operate by exploiting the fact that harmonics are 
only generated at relatively high acoustic powers and so the lower 
powers that occur in side and grating lobes and in reverberations 
do not excite harmonics and therefore echoes are not detected (Fig. 
5.25). Such harmonic signals are generated because tissue resists 
compression more than it resists expansion so that an ultrasound 
pulse that begins as a symmetrical sine wave becomes asymmetrical 
as it propagates through the tissue. The harmonics are represented 
by the asymmetry, and are much more strongly formed with higher 



Figure 5.23 Grating lobe artefact. Grating lobe artefacts have 
essentially the same effects as simple beam spread artefacts but 
are more severe and only occur with array transducers. They often 
have a convex shape (arrows). This example arose from a gas- 
containing pelvic gut loop (arrowhead), b, bladder. 


Beam width 

• May produce lateral smearing of strong signals in the 
scan plane. 

• Can exaggerate fetal measurements. 

• Produce slice thickness effects in the z plane. 

• Also occur with Doppler. 

sound pressures. There are two ways to exploit the phenomenon. 
In one, the receiver circuitry is tuned to accept echoes at twice the 
frequency of the transmitted sound. In another approach, the phase 
inversion mode, each image line is formed from the sum of the 
echoes from a pair of pulses sent in the same direction, the second 
of which is inverted with respect to the first. Where the sound is 
conducted in a linear fashion, the echoes are out of phase and cancel 
out, but asymmetries caused by non-linear conduction result in 
differences that do not cancel and these are used to form the image. 
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Sequential beam positions 

Figure 5.24 Mechanism of the Chinese hat artefact. When a 
side or grating lobe strikes a strongly reflective target (1), a weak 
signal will be received and registered as originating slightly deeper 
than the real target depth because the oblique line of sight takes 
longer for the beam to traverse than the direct line that results 
when the beam is correctly centred on the target (4). The result is a 
cigar-shaped artefact whose ends are depicted as lying deeper 
than the centre, recalling the shape of a Chinese hat. 


Both modes give cleaner images with less clutter; the phase inver¬ 
sion mode images have half the frame rate, while dual frequency 
harmonics have some compromise in spatial resolution because 
they use longer narrower band pulses. Both have limited depth 
penetration because the high powers that are critical to the genera¬ 
tion of the harmonics are attenuated at depths greater about 
10-15 cm. 


TIME SAMPLING PROBLEMS 


Some interesting and important artefacts arise from the fact that 
there is an upper limit for the rate at which ultrasound pulses can 
be repeated. This is set by the speed of sound in tissue and the depth 
penetration required. If the next pulse is sent before the deepest 
echoes from the first have faded away, then these late echoes will 
be received soon after transmission of the second pulse. The scanner 
has no means of identifying which pulse is responsible and wrongly 
plots these deep echoes as nearby reflectors from the second pulse 
(Fig. 5.26). The process is repeated for subsequent pulses. Thus a 
distant structure is imaged as though it lies close to the transducer. 
Flickering 'objects' are seen in the near field and their depth can be 
altered by changing the pulse repetition frequency (PRF). 37 Since 
the PRF is usually linked to the depth of field, they move with a 
change in scale. Properly adjusted scanners should not allow 
this effect to occur, though the constraints affecting duplex 
Doppler (both pulsed and colour) may force a compromise in this 
respect. 

The limited frame rate can also obscure the motion of fast- 
moving structures such as heart valves, because their position is 
not being sampled sufficiently frequently for a true rendition of 
their movement to be displayed. Generally this results in a jerky, 
cartoon-like rendition of the movement, but in some cases the 
movement can seem to be slowed or even reversed in direction. 33 




Figure 5.25 Tissue harmonics. A: Because their generation 
depends on the amount of acoustic pressure applied to the tissue, 
harmonics are always weaker than the fundamental echoes and 
fade off more with depth. They take a few centimetres to develop 
and so are less obvious in superficial tissues. Their effect is to 
improve contrast in the tissue because there are fewer reverberant 
and beam width artefacts since these both require higher energy 
levels than are seen in the reflections and in the side/grating lobes. 
B: In this example of a hydronephrosis, marked reverberant and 
beam width artefacts partly fill the pelvis with artefactual echoes; 

C: in the dual frequency harmonic image they have been greatly 
reduced and the image has been ‘cleaned up’. 


Time sampling 

• ‘Second-time-around’ artefacts place objects falsely close to the 
skin. 

• Occur when high PRFs are used. 

• Especially common in Doppler of renal artery stenosis. 
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Figure 5.26 Ranging artefact. If the manufacturer exceeds the limit in the pulse repetition frequency - in an attempt to increase 
the frame rate - late echoes from pulse 1 overlap early echoes from pulse 2, etc. and signals are falsely depicted in the near field. 

A: The phenomenon is most obvious when a fluid path is traversed and so is well seen in transabdominal pelvic scanning, as in this 
example (arrows). B: Reducing the PRF eliminates this range overlap or ‘wraparound’ artefact. 


This phenomenon, known as aliasing, is rare in real-time imaging 4. 
but is important in Doppler. 

5. 

- 6. 

ARTEFACTS IN THREE-DIMENSIONAL 
SCANNING 


Some artefacts are only encountered in three-dimensional (3D) 8 - 

ultrasound . 38 They may stem from errors in the data collection 
process, for example movements of the probe that are too rapid ^ 
result in gaps in the final image that may be depicted as such in 
registered 3D but when the data are collected freehand (where no 1Q 
correction is made for the z-plane movement), they produce errors 
in the geometry of this axis that are not necessarily apparent in the 
image: this is why measurements from this type of unregistered 3D 11 . 
scan are unreliable . 39 Obviously errors in the system that generated 
the spatial coordinates of the raw images distort the final rendered 12 - 
image. 

Speckle in the ultrasound data also produces defects in the final 
image and they are particularly obvious in surface-rendered dis¬ 
plays where they show as serpiginous holes . 40 Though unaesthetic, 14 
they do not affect the validity of the image; speckle reduction tech¬ 
niques can be used to mitigate the problem. 15 . 

If the rendering algorithm does not interpolate adequately for 
missing slices, a 'gappy' rendered image results giving a toothcomb 16. 
appearance when the three-dimensional set is rotated to align the 
z-axis. 17 - 

If the structure being imaged moves during the data ^ 
collection, the final rendered set will be distorted. This is particu¬ 
larly a problem with an active fetus and produces bizarrely dis¬ 
torted three-dimensional images. It is also a problem with vascular ^9 
three-dimensional imaging because of vessel pulsations. 

20 . 
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HISTORY AND DEVELOPMENT 


Ultrasound signal enhancement using a contrast agent was first 
reported in the 1960s and initial experiments were performed by 
Joyner (unpublished) using physiological saline as an ultrasound 
contrast agent in the anatomical identification of the mitral valve 
echo. The same phenomena were subsequently observed using 
dextrose and indeed the patient's own blood in the assessment of 
cardiac anatomy and function. 1 Over the next 20 years contrast 
agents were used mainly to determine the presence of cardiac 
shunts and to validate cardiac anatomy. Indeed the use of agi¬ 
tated saline is still routinely used in cardiac studies today for the 
assessment of a patent foramen ovale (PFO) (Fig. 6.1). Such free 
(unencapsulated) bubble contrast agents were initially made by 
agitating the carrier liquids; however, the range of bubble size 
was large. By a process called 'sonication' in which a low- 
frequency sonic field (20 kHz) is applied to liquids, small cavita¬ 
tion bubbles of a more limited size range (<10 pm) were created. 2 
Various in-vivo experiments using early contrast agents 
including colloidal suspensions, aqueous solutions, emulsions 
and encapsulated microbubbles have been reviewed 3 and it is 
evident from this review and subsequent work that agents 
working on the principle of scattering from microbubbles were 
most likely to be successful in clinical applications. In the 
mid-1980s clinical interest re-emerged with rapid commercial 


development of a large range of contrast agents, many of which 
were the precursors of those now commercially available. By 1987 
bubbles smaller than 5 pm were produced by sonicating albumin 
at high intensity and low frequency. 4 The encapsulating shell 
consisted of the denatured albumin protein. Another practical 
approach to making small encapsulated microbubbles was to 
support the small bubbles in a saccharide crystal structure with 
the addition of palmitic acid as a surfactant to stabilise the 
bubbles. 5 These breakthroughs in the production of stable encap¬ 
sulated bubbles which could be injected intravenously and 
survive passage through the pulmonary circulation opened up 
the possibility of a wide range of clinical applications. In addition, 
there existed an increasing clinical demand for the development 
of an ultrasonic technique that was capable of measuring 
myocardial perfusion. A longer-term interest in microbubbles is 
related to their potential use as carriers of pharmaceuticals or 
genes to targeted sites where the microbubbles would be 
destroyed, once attached, by an ultrasound beam, releasing the 
contents of the microbubbles in situ. Some types of contrast 
agents are discussed in this chapter; they should be considered 
as examples of different formulations and not an exhaustive list. 
In addition, although different methods of imaging contrast 
agents are discussed, this is an area of continuing commercial 
sensitivity for ultrasonic scanner manufacturers so only an 
overview of different approaches to contrast imaging details 
are given. 
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Figure 6.1 Four-chamber view of the heart after injection of 
agitated saline in the clinical assessment of PFO. Right atrium 
and right ventricle are filled with agitated saline. There is no 
evidence of bubbles in the left atrium or the left ventricle indicating 
that there is no PFO. (Image courtesy of Audrey White, Western 
General Hospital, Edinburgh, Scotland.) 


MICROBUBBLE DYNAMICS 


The equations which govern the dynamics of the motion of gas 
bubbles in an acoustic field were derived by Rayleigh 6 and Plesset 7 
and consider the response of a spherical, unencapsulated bubble to 
a time-varying pressure field in an incompressible fluid. This model 
was extended to consider the effect of an elastic thin layer encap¬ 
sulating a gas-filled microbubble. 8 It was demonstrated that the 
addition of a thin shell significantly increased the damping of the 
bubble oscillations and reduced the acoustic response of the micro¬ 
bubble in comparison to free microbubbles. However, the resonant 
oscillation was shown to still add significantly to the magnitude of 
the backscattered intensity. 

It is serendipity that microbubbles of a size similar to red blood 
cells resonate at low megahertz frequencies, similar to those used 
routinely in diagnostic clinical ultrasound. Theoretical and experi¬ 
mental determination of the resonance frequency of free and encap¬ 
sulated gas bubbles is an active area of research. 9 The equation 
below describes a derived approximation of the resonance fre¬ 
quency,^, of a free air bubble in water: 

f 0 = 3.3/R 0 

where R 0 is the bubble radius in microns. Substituting appropriate 
values into this formula shows that free bubbles with radii between 
1 and 3 pm have resonances which lie approximately in the range 
of 5 to 1 MHz. Addition of an outer shell, such as albumin, shifts 
this resonant frequency higher. A more detailed review of the 
theory which governs the interaction of ultrasound with both free 
and encapsulated microbubbles in water may be found elsewhere. 10 
However, although such theory is useful to describe the resonant 
behaviour of the microbubbles, the interaction of encapsulated 
microbubbles with an insonating acoustic field in a biological 
system is complex. This is particularly true as the acoustic pressure 
incident on the microbubbles increases. At low acoustic pressures, 
theory predicts that the acoustic wave incident on a contrast micro¬ 
bubble with an elastic shell causes the microbubble to oscillate, 
expanding when the pressure is negative (rarefaction) and contract¬ 
ing when the pressure is positive (compression). This results in 
minimal destruction of the microbubbles but may cause micro¬ 
streaming in the fluid in the vicinity of the microbubbles. As the 


Microbubble dynamics 

• Microbubbles oscillate in response to the ultrasound beam. 

• It is the compressibility of the gas within the microbubbles that 
makes them such efficient scatterers. 

• The resonant frequency of commercial microbubbles lies in the 
diagnostic frequency range of ultrasound scanners. 

• The ultrasound beam may force the microbubbles to oscillate in a 
non-linear manner, resulting in the generation of harmonics. 

• At high acoustic pressures, the microbubbles can be forced to 
collapse or fragment, releasing free gas bubbles which diffuse 
rapidly in the blood. 


acoustic pressure increases the bubble cannot contract as much as 
it can expand, due to the gas within the microbubble. This results 
in asymmetric motion of the microbubbles and the resultant scat¬ 
tered wave is consequently distorted and contains frequency com¬ 
ponents that are multiples (harmonics) of the incident (fundamental) 
frequency. As the acoustic pressure increases further, the micro¬ 
bubble can expand and then violently implode. Such an event 
is known as inertial (transient) cavitation and can produce 
extremely large, highly localised temperatures, free radicals and 
high-velocity jets. The manner in which the microbubbles 
collapse is dependent on a range of insonating conditions including 
pressure amplitude, pulsing regime and ultrasound frequency. 11 
Also important are microbubble parameters such as composition 
of the encapsulating shell, size of the microbubbles and proximity 
of the microbubbles to other structures (including other microbub¬ 
bles and cell walls). The shells of the microbubbles have been 
observed to buckle, fragment and crack, allowing the gas to leak 
from the shells over successive incident ultrasound pulses. 12 The 
range of phenomena that can be induced at different acoustic pres¬ 
sures are discussed elsewhere. 13 

On commercial scanners, an indication of the acoustic pressure 
is given by the mechanical index (MI), defined as: 

Ml = P _ ve /-Jf 

where P_ ve is the peak derated negative (rarefaction) acoustic pres¬ 
sure and/is the ultrasonic frequency (see Chapter 4). This param¬ 
eter is an on-screen index designed to give an indication of the 
likelihood of mechanical bioeffects. Although defined and used as 
a safety index, the mechanical index is often used as an indicator of 
microbubble behaviour for a particular scanner set-up and contrast 
agent. In general for low MI imaging, the number of contrast micro¬ 
bubbles collapsing as a result of the insonating pressure pulse will 
be minimal. However, as the MI increases, the likelihood of inertial 
cavitation increases as the contrast microbubbles can be forced to 
collapse releasing free gas bubbles. Clinical contrast imaging tech¬ 
niques utilise both low MI and high MI applications. 


TYPES OF CONTRAST AGENTS 


Commercially available ultrasonic contrast agents are gas-filled 
microbubbles which are generally coated with a lipid, protein or 
polymer shell. Although free gas bubbles scatter ultrasound much 
more effectively than encapsulated microbubbles, they dissolve 
quickly in the blood, generally in the order of milliseconds, due to 
surface tension and diffusion effects. The encapsulation is required 
to lengthen the lifetime of the bubbles within the blood, by provid¬ 
ing an elastic membrane surrounding a gaseous interior. The gas 
contained within commercially available clinical microbubbles is 
generally a perfluorocarbon as these gases diffuse less readily than 
air within blood. Microbubble diameters generally lie within the 
1-5 pm range although production of smaller microbubbles of a 








Types of contrast agents 


Table 6.1 Examples of commercially developed ultrasonic contrast agents. Early-generation agents that encapsulated air 
have been omitted 

Contrast 

agent 

Manufacturer 

Capsule/ 

Shell 

Gas 

Bubble 

diameter 

Charge 

Status 

CARDIOsphere 
(PB 127) 

Point Biomedical 
Corp 

Polylactide/ 

Albumin 

Nitrogen 

4 |n m 

Slight 

negative 

Not available 

Imagify (Al 

700) 

Acusphere Inc 

Poly(L-lactide- 

co-glycolide) 

Decaf luorobutane 

NA 

Negative 

Awaiting 
approval in USA 

Definity (USA/ 
Canada) 

Luminity (EU) 

Lantheus 

Medical Imaging 

Lipids: DPPA, 

DPPC, 

MPEG5000, 

DPPE 

Octafluoropropane 

98% 

<10 ji m 

Negative 

USA approved 

CA approved 
LVO, EBD 

Imavist/ 

AF0150 

Imcor 

Pharmaceuticals 

Inc 

Lipid: DMPC 

Perfluorohexane/ 

Nitrogen 

99.8% 

<10 jim 

Neutral 

USA approved 
LVO, EBD 

Sonazoid/ 

NCI 00100 

GE Healthcare 

Lipid: HEPS 

Perfluorobutane 

Median 

2.6 jim 
99.9% 

<7 jim 

Negative 

Japan 
approved, 
focal liver 
lesions 

SonoVue (BR1) 

Bracco 

Lipids: 

Macrogol 

4000, DSPC, 
DPPG, palmitic 
acid 

sf 6 

99% 

<11 jim 

Negative 

EU approved 

LVO, EBD 
Doppler 
(non-cardiac 
studies) 

Optison/FS069 

GE Healthcare/ 
Amersham 

Albumin 

Octafluoropropane 

93% 

<10 jim 

Slight 

negative 

EU, USA 
approved, EBD, 
LVO 


HEPS, hydrogenated egg phosphatidyl serine; DMPC, dimyristoylphosphatidylcholine; DPPC, dipalmitoyl glycerophosphocholine; DPPA, dipalmitoyl 
glycerophosphate; DPPE, dipalmitoyl glycerophosphoethanolamine; DSPC, distearoyl glycerophosphocholine; DPPG, dipalmitoyl glycerophosphoglycerol. 


well-defined radius (mono-disperse) and usually polymer- 
encapsulated is becoming more common. The number of microbub¬ 
bles in commercial products tends to range from 10 8 to 10 10 mL' 1 
with typical injection doses ranging from 0.1 mL to 1 mL, although 
larger or multiple doses may be administered dependent on specific 
manufacturers' recommendations. Contrast agent injections are 
given intravenously, generally as a bolus injection, but infusions are 
possible and in some instances necessary for clinical studies such 
as in the assessment of cardiac perfusion. 

When reviewed historically, ultrasonic contrast agents are often 
subdivided into 'generations'. First-generation contrast agents are 
non-transpulmonary contrast agents including free gas bubbles and 
Echovist, an agent developed by Schering and still used for 
hysterosalpingo-contrast-sonography for the assessment of Fallo¬ 
pian tube patency. Second-generation agents are those that are 
transpulmonary but have a relatively short half-life (several 
minutes) and can be seen in the vascular bed. These microbubbles 
generally encapsulate air within their structure. Third-generation 
agents are also transpulmonary vascular agents but tend to have a 
longer half-life and encapsulate fluorocarbons. One exception to 
this is SonoVue, which incorporates sulphur hexafluoride. 

Table 6.1 gives a listing of different types of contrast microbub¬ 
bles that have been developed over recent years - some of these are 
commercially available, others are currently undergoing clinical 
trials. The majority of the commercially available agents are licensed 
for left ventricular opacification (LVO) and endocardial border defi¬ 
nition (EBD). In certain countries, the use of contrast agents for the 
assessment of focal liver lesions is also included. The use of contrast 
agents in the assessment of myocardial perfusion has not yet been 
licensed but at least one manufacturer has an agent currently sub¬ 
mitted to the FDA in the USA for approval for this application. A 
more extensive list of contrast agent properties can be found 
elsewhere. 14 


Lipid-stabilised contrast microbubbles 


The majority of commercially available contrast agents fall into this 
category with a mono- or bi-lipid layer providing the stabilising 
layer required for the microbubbles to pass into the systemic 
system. Phospholipid layers tend to vary in thickness from 10 to 
200 nm. These microbubbles are distinct from echogenic multi- 
lamellar liposomes which have been developed principally for 
research applications and for which the echogenicity is achieved by 
encapsulation of gas within the lamellar structure. 15 

SonoVue 

SonoVue (Bracco) consists of sulphur hexafluoride gas bubbles 
encapsulated in a lipid monolayer. The size distribution of the 
microbubbles is such that 99% of the microbubbles are less than 
11 pm in diameter. A typical concentration is 2 x 10 8 mL -1 . The 
agent is presented in an integral kit which enables 5 mL of saline 
to be injected into 25 mg of the dry lyophilised powder in an atmos¬ 
phere of sulphur hexafluoride (Fig. 6.2). The agent does not require 
refrigeration and is currently licensed in the European Union (EU) 
for cardiac applications (including endocardial border enhance¬ 
ment (EBD) in the chambers of the heart and left ventricular opaci¬ 
fication (LVO). It is also used for Doppler exams of both cardiac 
and non-cardiac micro vasculature. This agent can be administered 
both as a bolus and as an infusion. 

Definity 

Definity (acquired in 2008 from Bristol-Myers Squibb by Lantheus 
Imaging) is also known as Luminity in the majority of EU countries. 
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Figure 6.3 Vialmix with inset of Definity/Luminity vial. 


It is a lipid bi-layer microbubble encapsulating octafluoropropane. 
The size distribution of the microbubbles is such that 98% are less 
than 10 pm in diameter. A typical concentration is 10 9 mL -1 . The 
agent is supplied in vials as a clear liquid with a head-space of 
octafluoropropane. To form the bubbles, the vial must be agitated 
in a mechanical shaker (Vialmix) for 45 seconds prior to withdrawal 
of the milky solution (Fig. 6.3). The vial is vented using a needle 
prior to withdrawal of the solution. The agent must be refrigerated 
prior to use. Luminity is licensed in the EU but is not currently 
marketed there. In the USA and Canada the agent is licensed for 
LVO and EBD. 


No US 


Very low intensity US 


Low intensity US 


High intensity US 


Lipid microbubble 



Polymer microbubble 



Figure 6.4 Schematic representation of lipid (left column) and 
polymer (right column) microbubble interaction with 
ultrasound of increasing intensity (top to bottom). (Reprinted 
from Advanced Drug Delivery Reviews, Vol 60, Hernot S, Klibanov 
AL. Microbubbles in ultrasound-triggered drug and gene delivery. 

1153-1166.Copyright (2008) with permission of Elsevier.) 


distribution of the microbubbles is such that 99.8% are less 
than 10 pm in diameter. The agent is approved in the USA for EBD 
and LVO. 

Albumin-coated microbubbles 


Optison 

Optison (GE Healthcare) microbubbles are a development from the 
first-generation contrast agent Albunex, which was one of the first 
commercially available agents to demonstrate EBD. In Optison, 
octafluoropropane has replaced the air that was encapsulated in 
Albunex. The shell of Optison microbubbles is of denatured human 
serum albumin and the size distribution is such that 93% are less 
than 10 pm in diameter. A typical concentration is 5 x 10 8 mL' 1 . The 
agent is supplied in vials that must be refrigerated prior to use. The 
agent is hand agitated to produce a milky solution prior to with¬ 
drawal of the agent from the vial. Optison is licensed for EBD and 
LVO in the USA and EU. 


PESDA 

PESDA (perfluorocarbon exposed dextrose albumin) comprises 
sonicated dextrose albumin microbubbles containing decafluorobu- 
tane gas. It has been developed by Porter et al. exclusively for 
research use. 17 The mean size of the microbubbles is 5.1 pm and the 
concentration is 3.1 x 10 9 mL -1 . 


Sonazoid 

Sonazoid (GE Healthcare) is a lipid (hydrogenated egg phosphati¬ 
dyl serine) encapsulated perfluorobutane microbubble. The agent 
is reconstituted using 2 mL of water and manually mixed for 1 min 
to produce a milky solution. A typical concentration is 1.2 x 10 9 mL -1 
with a median size of 2.6 pm. 16 This agent is currently not available 
in the EU and USA but is licensed in Japan for the assessment of 
focal liver lesions. 


Polymer-coated microbubbles 


Polymer-coated microbubbles have a much stiffer shell than lipid- 
or albumin-encapsulated microbubbles. As a result these microbub¬ 
bles do not oscillate (expand and contract) in the ultrasound field 
at low acoustic pressures. 18 However, as the acoustic pressure 
increases, the polymer shell can buckle and crack, releasing free gas 
(Fig. 6.4). 


Imavist 

Imavist (IMCOR Pharmaceuticals Inc) is a lipid-encapsulated, per- 
fluorohexane and nitrogen encapsulated microbubble. The size 


CARDIOsphere 

CARDIOsphere microbubbles (POINT Biomedical Corp) are manu¬ 
factured using a technique described as BiSphere technology in 
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Contrast agents 

• Ultrasonic contrast agents are micron-sized encapsulated 
bubbles. 

• The shells of the microbubbles are generally either lipid or 
polymer. 

• The gases within current contrast microbubbles are 
perfluorocarbons. 

• There are approximately 10 9 microbubbles/mL of contrast agent 
solution. 

• Contrast agents are generally injected into the femoral vein as 
either a bolus or infusion. 


which microbubbles are produced comprising an outer layer of a 
biocompatible material (albumin) and an inner polymer layer. The 
microbubbles are filled with air and have been developed for myo¬ 
cardial perfusion studies. Their mean diameter is 4.0 pm. Using 
BiSphere technology, smaller sub-micron microbubbles have also 
been manufactured for lymphatic imaging. 

Imagify (AI-700) 

Imagify (Acusphere Inc) consists of a synthetic polymer poly(L- 
lactide co-glycolide) shell and a phospholipid layer encapsulating 
a perfluorobutane gas. The agent is made using a spray drying 
technique to produce microbubbles. The mean size of the microbub¬ 
bles is 2.0 pm. FDA approval is currently being sought for this agent 
for myocardial contrast perfusion imaging. 

Other types of agents 


Levovist 

Levovist (Schering, Germany) is a first-generation agent and one of 
the first agents to undergo clinical trials and be commercially avail¬ 
able. Unlike the majority of commercial agents, Levovist is an air- 
filled microbubble. The microbubbles are formed within a galactose 
microstructure which controls the size of microbubbles formed and 
the microbubbles are stabilised by the addition of palmitic acid. The 
diameter of the microbubbles lies between 3 and 5 pm. The agent 
is supplied in vials containing 4 g of dry galactose granules and 
0.1% palmitic acid. Sterile water is injected into the vials, the quan¬ 
tity of water determining the concentration of the agent. Recom¬ 
mended concentrations are 200 mg mL -1 (17 mL injection of water 
into vial), 300 mg mL -1 (11 mL injection of water into vial) or 
400 mg mL -1 (8 mL injection of water into vial). Once the water is 
injected, the granules are vigorously shaken for 5-10 seconds and 
then allowed to stand for a further 2 minutes prior to injection into 
the patient. By this stage the solution is milky white. Care must be 
taken to avoid excessive increases in temperature caused by holding 
the vials tightly in hand or strong negative pressure when drawing 
up the solution. 


IMAGING OF CONTRAST MICROBUBBLES 

The development of imaging techniques to detect contrast micro¬ 
bubbles continues to be an exciting and active area of research. Such 
techniques aim to isolate and differentiate the acoustic signatures 
from tissue and contrast. Current approaches adopted by commer¬ 
cial ultrasound scanner manufacturers include utilising the differ¬ 
ent frequency components of the scattered ultrasound signal 
(fundamental, harmonics, subharmonics), and the different acoustic 
amplitude responses of the microbubbles. Indeed several manufac¬ 
turers utilise both frequency and amplitude components of the 


Figure 6.5 A: Suspected middle cerebral artery (MCA) stenosis on 
unenhanced transcranial colour-coded duplex sonography. In the 
Doppler frequency spectrum only suspicious low-frequency 
bidirectional signals can be obtained. In colour mode the MCA is 
barely visible. B: Improvement of the Doppler frequency spectrum 
and the colour mode depiction of the MCA after application of an 
ultrasound contrast agent. Flow velocities >300 cm/s ascertain the 
presence of a high-grade MCA stenosis. (Reprinted from Seminars 
in Cerebrovascular Diseases and Stroke, Vol 5, Stolz EP and Kaps 
M, Ultrasound contrast agents and imaging of cerebrovascular 
disease 111-131 .Copyright (2005) with permission from Elsevier.) 


scattered wave to provide sensitive contrast imaging techniques. 
Current contrast imaging techniques can be divided into either low 
MI imaging techniques which minimise destruction of the micro¬ 
bubbles or high MI techniques which maximise microbubble 
destruction. 

Fundamental imaging 


Initial clinical imaging of the first commercial ultrasound contrast 
agents was performed in the fundamental imaging mode: ultra¬ 
sound transducers emitting and receiving the ultrasound signal 
over the same bandwidth of the transducer. In these early years, 
the use of the term contrast agent was clearly a misnomer as 
although the agent provided transient enhancement of the blood 
pool, the relative backscatter of tissue to blood was reduced. In 
some cases, the quantity of contrast agent injected in order to 
achieve enhancement was such that significant and long-lasting 
acoustical shadowing in distal regions of the image made diagnosis 
difficult. It was in 'rescuing' Doppler studies that the first clear 
indications of benefit were seen using contrast in studies where the 
blood signal was too small to be picked up (Fig. 6.5). Fundamental 
imaging of contrast agents has now been completely replaced by 
contrast-specific imaging techniques. 


When the radius of a microbubble changes its size in direct propor¬ 
tion to the pressure variations of the ultrasonic wave it is said to be 
responding in a linear fashion. In this case the frequency of the 
scattered wave is the same as that of the incident wave. However, 
for larger pressure fluctuations the change in radius is not in pro¬ 
portion and the bubble is said to be responding in a non-linear way. 
When a bubble responds in a non-linear manner, the scattered 
ultrasound wave is distorted and contains additional frequency 
components above and below the frequency of the incident wave. 
These additional components are called harmonics and there is 
particular interest in the second harmonic which can be as strong 
as the ultrasound scattered from the microbubbles at the incident 
frequency, i.e. the first harmonic (fundamental frequency). Second 
harmonic imaging relies upon detecting and displaying only this 
second harmonic signal from the scattered ultrasound. Although 
at low acoustic pressures (low MI), second harmonic imaging 
significantly improves the contrast-to-tissue ratio (CTR), at higher 


Second harmonic imaging 
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Figure 6.6 Schematic diagram illustrating the overlap in the 
transmit and receive bandwidths with second harmonic 
imaging, where f 0 is the central transmit frequency. 


acoustic pressures (high MI) non-linear propagation through tissue 
and the generation of tissue harmonics 23 results in a reduction of 
CTR compared to low ML There is thus an inherent limitation to 
the potential increase in the CTR using second harmonic imaging. 
In addition, second harmonic imaging requires broad bandwidth 
transducers to enable separate transmit frequencies and receive 
frequencies (at twice the transmit frequency). This requirement in 
the transmitted and received bandwidths can result in a reduction 
in axial resolution (Fig. 6.6). 

The advent of second harmonic imaging marked the beginning 
of an exciting period of development in both contrast agent manu¬ 
facture and contrast-specific imaging techniques to further capital¬ 
ise on the non-linear properties. 

Low Ml techniques 


Pulse inversion imaging/phase inversion 
imaging (PI) 

The specific algorithms and bandwidth filters used within com¬ 
mercial scanners to separate microbubble and tissue echoes are not 
known, but pulse/phase inversion techniques have the potential to 
overcome the bandwidth limitations of second harmonic imaging. 19 
In this technique, two consecutive pulses are sent down each trans¬ 
mit line such that the second pulse is identical but inverted with 
respect to the first pulse (180° out of phase). The detection and 
summation of the two scattered echoes from linear scatterers will 
equate to zero. However, scattering from non-linear targets, such 
as microbubbles, will result in non-identical pulses. Summation of 
the two pulses will predominantly cancel out the fundamental 
part of the signal. The image is formed from the remaining signal 
(Fig. 6.7). 

Pulse/Phase inversion is a low MI imaging technique which does 
not destroy the microbubbles in situ. One limiting factor of this 
technique is a reduction in the frame rate since it is necessary to 
send two pulses down each transmit line rather than one. 

Amplitude modulation/power modulation 
(PM/AM) 

In amplitude/power modulation two, or more usually three, pulses 
of identical phase but different magnitude are sent along each trans¬ 
mit line. The amplitude of the pulses is often in a sequence where 
the first and third pulses are half the magnitude of the second pulse. 
Upon reception the signals are combined such that the sum of the 
response from the half amplitude transmit pulses is subtracted from 
the response from the full amplitude pulse. Lower-amplitude trans¬ 
mit pulses will generate less harmonics than high-amplitude pulses, 
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Figure 6.7 Schematic diagram illustrating the principle of the 
pulse inversion imaging technique. Two pulses are transmitted 
down each line, the second pulse the inverse of the first. The sum 
of the scattered pulses from linear scatterers will sum to zero, while 
the sum from non-linear scatterers will not equal zero. 
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Figure 6.8 Schematic diagram illustrating the principle of 
amplitude modulation imaging techniques. In this technique, 
three pulses are emitted, all of them in phase with one another. 
The first and third pulses are half the amplitude of the second 
pulse. Upon reception, summation of the scattered signals from 
linear scatterers will sum to zero, those from non-linear scatterers 
will not. 



therefore the difference in the received pulses is due to the non¬ 
linear response of the target (Fig. 6.8). 


Power-modulated pulse inversion (PIAM) 

This technique combines the two techniques described previously. 
In this case the two pulses that are sent down each scan line vary 
in both amplitude and phase. This results in a more sensitive detec¬ 
tion of non-linear signals. 20 

High Ml techniques 


Flash contrast imaging; triggered imaging; 
destruction-replenishment 

The contrast-specific imaging modes that have been discussed to 
date are predominantly used at low acoustic outputs where the 
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Figure 6.9 A ‘flash frame’ acquired during a perfusion study. 

A high mechanical index frame disrupts SonoVue microbubbles 
within the myocardium and ventricle. 


Figure 6.10 Contrast perfusion study using infusion of 
SonoVue with graphical display illustrating variation in 
backscatter signal in selected ROI within the myocardium. A pulse 
inversion imaging technique is used to image reperfusion of the 
myocardium following application of a high Ml pulse. (Image 
courtesy of Dr Stephen Glen, Stirling Royal Infirmary, Scotland.) 


majority of the microbubbles are not destroyed. In some instances, 
however, destruction of the microbubbles in situ by one or several 
high pressure frames (flash frames) can be used to assess blood flow 
within an organ. Formerly for an assessment of flow within the 
myocardium, this technique involved varying the interval between 
successive high MI frames triggered from the ECG and not scan¬ 
ning between the high MI frames. 21 More recently this technique 
has been developed further such that low MI imaging is performed 
between the high MI destruction frames. In such cases the micro¬ 
bubbles can be viewed initially using a low MI imaging technique. 
Once a constant enhancement has been established by infusion, 
application of a single, or several, high MI frames causes rupture 
of the microbubble shells. Upon rupture the microbubbles release 
free gas bubbles which rapidly diffuse into the blood and are there¬ 
fore generally only visualised in one frame (Fig. 6.9). On return to 
continuous low MI imaging, new contrast microbubbles may be 
visualised entering the scan plane and replenishing the destroyed 
contrast. The time taken for the contrast to refill the scan-plane is 
an indicator of myocardial blood flow 22 (Fig. 6.10) and can be 
studied using refill kinetics theory. In this approach it is assumed 
that the enhancement of the ultrasound backscatter signal within 
the scan-plane is proportional to the microbubble concentration in 
the tissue, the infusion rate of the contrast and the pulse interval 
between successive high MI destruction pulses. When intensity 
measurements are made with increasing pulse intervals, a graph 
can be plotted of intensity, I(t), as a function of t, the time pulse 
interval between successive high MI destruction pulses (Fig. 6.11). 
The ultrasound intensity, J(t), is given by: 

/(0 = /o( 1 - e - pf ) 

where I 0 is the ultrasound intensity of the plateau and P is a time 
constant. From this graph, P and I 0 can be calculated. The former is 
related to the blood flow velocity, and the latter to the vascular 
volume. 

High MI destruction techniques are also used in other organs, 
e.g. liver and spleen. 23 Early techniques called loss-of- 
correlation imaging (LOC) or stimulated acoustic emission (SAE) 
imaging used colour Doppler to display the rapid collapse of the 
microbubbles as a chaotic colour Doppler region within the image. 
These imaging techniques have largely been replaced by contrast- 
specific imaging techniques such as maximum intensity projection 
or microbubble trace imaging, which are similar techniques that use 
the interplay of high and low MI techniques to study the path of 



Pulse interval (ms) 

Figure 6.11 Schematic example of intensity-time curve. / 0 is 

the plateau intensity (related to vascular volume) and p is a time 
constant (related to the blood flow velocity). 


Imaging techniques 

• Contrast microbubbles can be imaged using a variety of 
techniques. 

• Harmonic imaging filters out the harmonic component of the 
signal. 

• Pulse inversion separates the fundamental and harmonic 
components by subtraction technique rather than filtering so can 
utilise wider bandwidths. 

• Pulse inversion and amplitude modulation imaging techniques are 
low Ml imaging techniques and take advantage of the non-linear 
properties of contrast agents. 

• At Ml values of 0.1 or less, contrast microbubbles are not 
significantly destroyed. 

• Destruction-replenishment imaging involves switching between 
high Ml and low Ml techniques is often used in cardiology. 


moving bubbles to trace out the vascular structure. 24 In these tech¬ 
niques, a high MI pulse is applied to the organ to destroy the 
microbubbles, and then a low MI pulse inversion technique is used 
to image the organ as new individual microbubbles enter the field 
of view. The images are processed so that the echoes from the 
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Figure 6.12 Image of a benign splenic lesion showing the pulse 
inversion harmonic image on the right side (about 15 seconds after 
injection of SonoVue), and the microbubble trace image on the left 
side. (Courtesy of Christoph Dietrich.) 


microbubbles are summated over time, thus showing the path of 
the microbubbles through the vascular bed. In addition, the echoes 
are weighted such that the intensity decreases with elapsed time so 
that the direction of movement of the microbubbles can be studied 
(Fig. 6.12). Early studies have indicated that these techniques can 
illustrate arterial structure but the diagnostic benefit is as yet 
undetermined. 

Newer imaging techniques 


Subharmonic imaging 

Subharmonic imaging is based upon the principle that contrast 
microbubbles when scattering non-linearly not only generate har¬ 
monics higher than the fundamental but also generate subharmon¬ 
ics. In addition, tissue does not generate subharmonics and therefore 
at subharmonic frequencies the contrast-to-tissue ratio is generally 
higher than that achieved at second harmonic frequencies. Much of 
the work associated with subharmonic imaging has been performed 
at frequencies normally associated with intravascular ultrasound 
imaging (30 MHz). An improvement of contrast-to-tissue ratio of 
30 dB at the subharmonic (15 MHz) in comparison to the funda¬ 
mental (30 MHz) has previously been achieved, highlighting the 
potential of using subharmonic imaging for vasa vasorum imaging. 25 

Coded excitation 

Coded excitation involves the transmission of a high energy long 
transmit pulse with limited peak amplitude and is well known as 
a means of improving signal-to-noise ratio in ultrasound B-mode 
imaging. Recovery of axial resolution is achieved by the receive 
electronics examining the signals and picking out the echoes of 
similar shape to the transmitted pulse. Use of coded excitation in 
combination with phase and amplitude modulation techniques has 
been shown to improve sensitivity to non-linear signals from micro¬ 
bubbles at relatively low signal to noise but with limited benefit at 
high signal-to-noise levels. A review of coded excitation techniques 
is given elsewhere. 26 

Radial modulation imaging 

Radial modulation imaging is based upon the premise that contrast 
microbubbles respond differently to an incident acoustic imaging 


pulse dependent upon their current oscillatory state. By insonating 
the microbubbles with a low-amplitude, low-frequency pulse 
(modulation pulse), the microbubbles are initially forced to oscil¬ 
late. While the bubbles are oscillating, they are then insonated with 
two consecutive higher-frequency imaging pulses. Because of the 
lower-frequency modulation pulse, the bubbles will be in different 
stages of their expansion and contraction cycle when they are 
insonated by these higher-frequency imaging pulses and conse¬ 
quently the response of the microbubbles will be different. In com¬ 
parison the response from the tissue should not vary. 27 The potential 
benefits of using this technique have yet to be proven but initial 
in-vitro results look very promising. 


CLINICAL APPLICATIONS OF 
CONTRAST IMAGING 


One of the most significant advantages of the use of contrast agents 
is the real-time nature of contrast enhancement and the resultant 
real-time diagnostic potential. In addition, the ability provided by 
some commercial ultrasound manufacturers to view the B-mode 
image and the contrast image simultaneously using a split-screen 
function (Fig. 6.12) enables visualisation of the organ of interest on 
one half of the screen, while simultaneously visualising the uptake 
of contrast on the other half. The conventional B-mode image is 
acquired at low MI to avoid disruption of the microbubbles. 

The number of applications for which contrast agents are now 
used has increased significantly over the past 5 years and has been 
reviewed by the European Federation of Societies for Ultrasound 
in Medicine and Biology (EFSUMB). 28 In this review the guidelines 
for each contrast procedure and recommendations for good clinical 
practice are presented. Some of these applications are not currently 
licensed (e.g. myocardial perfusion, renal applications) but the 
diagnostic benefits that clinicians have observed using contrast 
agents for applications other than those for which the agent is 
licensed (off-label applications) merit a mention in this chapter and 
elsewhere in this book. 

Radiology applications 


The initial use of ultrasonic contrast agents was primarily focused 
on 'rescuing' colour Doppler studies where the signal from blood 
was too small to be detected. Injection of contrast microbubbles 
increased these low signals so that they could be detected and 
displayed (Fig. 6.5). 35 

Liver 


The organ in which contrast agents have provided substantial diag¬ 
nostic impact is in the liver for the characterisation of focal liver 
lesions. There is now substantial evidence to suggest that ultrasonic 
contrast agent imaging using low MI techniques (during the arte¬ 
rial, portal venous and late phases) is an effective diagnostic tool 
for the characterisation of focal liver lesions 29 (Fig. 6.13). Maximum 
diagnostic potential from these studies is achieved when the pre¬ 
contrast image is such that there is little tissue structure visible and 
only major anatomical markers such as the diaphragm are presented. 
This relies upon interplay of both the gain and MI controls. 

Renal 


No contrast agents have currently been licensed for the assessment 
of renal lesions. However, there has been substantial documenta¬ 
tion of the benefits of using contrast microbubbles in the assessment 
of complex cystic lesions (Fig. 6.14), vascular diseases and trans¬ 
planted kidneys. 30 For the assessment of renal lesions, contrast is 
injected as a bolus and low MI imaging techniques are used. 









Clinical applications of contrast imaging 




Figure 6.13 A: Image of an echogenic liver metastasis (between callipers) acquired in fundamental imaging. B: Image acquired 1 minute 
and 24 seconds after bolus injection of SonoVue (portal-venous stage). Low reflective area in the contrast-enhanced image is indicative of 
malignancy. (Images courtesy of Dr Paul Sidhu, King’s College Hospital, London, UK.) 




Figure 6.14 A: Image acquired in fundamental mode and suggestive of a complex renal cyst. B: Image acquired after a bolus injection of 
SonoVue using a low Ml imaging technique. No septation enhancement evident, therefore lesion unlikely to be malignant. (Images courtesy 
of Dr Paul Sidhu, King’s College Hospital, London, UK.) 


Spleen and pancreas 


No current contrast agents have been licensed for the assessment 
of splenic and pancreatic lesions. However, contrast agents have 
been used to depict and characterise lesions (Fig. 6.15). 

Transcranial 


No contrast agents have currently been licensed for the assessment 
of perfusion in transcranial studies. For the assessment of cerebral 
arteries, contrast is injected as a bolus to enhance either duplex 
sonography or colour Doppler imaging. It is used to enhance the 
Doppler signals in regions where the skull significantly attenuates 
the Doppler signal or the blood volume is too low. 31 


Urology 


Contrast microbubbles can also be injected into body cavities rather 
than intravenously. Vesicoureteric reflux can be demonstrated after 
contrast has been placed in the bladder. The kidneys and bladder 
can then be scanned and refluxing microbubbles observed. 32 

Cardiology 


The majority of commercially available contrast agents have been 
licensed for cardiac applications and in particular for enhancement 
of endocardial border and left ventricular opacification. The ability 
to be able to identify the endocardial border is of importance in 
cardiac patients undergoing either a pharmacological or physical 
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Figure 6.15 A: Image acquired in fundamental mode and suggestive of a possible splenic cyst. B: Image acquired after a bolus injection 
of SonoVue and using a low Ml technique to image the spleen. Honeycomb pattern suggestive of a spleen abscess. (Images courtesy of 
Dr Paul Sidhu, King’s College Hospital, London, UK.) 



Figure 6.16 Cardiac parasternal short-axis view of the heart 

during a pharmacologically stressed cardiac stress-echo study. A 
low Ml imaging technique is used. Images acquired at baseline (A), 
low dose stress (B), high dose stress (C) and recovery (D). (Images 
courtesy of Dr Stephen Glen, Stirling Royal Infirmary, Scotland.) 


Figure 6.17 Contrast-enhanced images of a cardiac 
thrombus obtained in three imaging planes. (Images courtesy of 
Dr Stephen Glen, Stirling Royal Infirmary, Scotland.) 


diagnostic stress test, where regions of the myocardium are indi¬ 
vidually assessed for movement under rest, stress and recovery 
conditions. Such studies are normally undertaken at low MI, ensur¬ 
ing that the complete ventricular endocardial border can be visual¬ 
ised without microbubble disruption and associated shadowing 
effects (Fig. 6.16). 33 

There are currently no ultrasonic contrast agents that are licensed 
to aid in the assessment of myocardial flow and hence perfusion. 
As described previously, when microbubbles are administered as 
an infusion and a consistent level of enhancement is achieved, it is 
possible to destroy the microbubbles in the scan-plane using a 
single or several high MI pulses. By then returning to low MI 
imaging, the time required for segments within the myocardium to 
become enhanced can be measured. Since this value is related to 
myocardial blood flow, areas of the myocardium that have a 
reduced blood flow take longer to enhance. 


Ultrasonic contrast agents can also be used to assess other abnor¬ 
malities such as LV apical thrombus many of which are difficult to 
image without the use of contrast microbubbles (Fig. 6.17). A com¬ 
prehensive review of clinical applications of ultrasonic contrast 
agents in echocardiography is given in a recent American Society 
of Echocardiography Statement. 34 


OTHER POTENTIAL USES OF CONTRAST 
MICROBUBBLES 


Targeted contrast microbubbles 


One of the most exciting areas of progress in contrast agent devel¬ 
opment has been that of selective targeting of the microbubbles to 
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Figure 6.18 Methods to attach targeting ligands to microbubble shell. A: Non-covalent method, where avidin is embedded in the 
shell during bubble formation. B: Biotinylated bubble is coated with streptavidin and then biotinylated ligand. C: Ligand is covalently 
attached to the bubble shell by a peptide bond. (Reprinted from Klibanov AL. Ultrasound molecular imaging with targeted microbubble 
contrast agents. J Nucl Cardiol 2007;14:876-884.) 


particular sites within the body, enabling acoustic visualisation of 
localised biological markers expressed in disease processes. 

However, the proportion of microbubbles that bind to the surface 
is dependent on many factors including the number of receptor 
sites available for binding and the shear stress exerted on the micro- 
bubbles at the receptor sites. 35 Initial in-vitro studies demonstrated 
encouraging results under well-controlled flow dynamics 36 and a 
review of this field is given elsewhere. 37 Figure 6.18 illustrates sche¬ 
matically the potential methods of attaching ligands onto the 
surface of lipid- or albumin-coated microbubbles. Most commonly 
the binding for liposomal agents is achieved by formulating the 
liposome using a biotinylated lipid and using streptavidin as the 
linking mechanism between the biotinylated liposome and a bioti¬ 
nylated ligand. The antibody-loaded microbubble when injected 
into the body is then targeted to biological markers in which the 
receptor antigens are expressed. Increases in attachment can also be 
achieved using the radiation force of an ultrasound beam to push 
the targeted microbubbles towards the cell receptors by applying 
the ultrasound beam perpendicularly to blood flow. 38 Although this 
has been shown to be useful for in-vitro applications, it is difficult 
to assess how controllable this would be in clinical situations. 

Early results in this area have shown promise with applications 
that include targeting of microbubbles to atherosclerosis, 
intravascular thrombi 39 and sites of angiogenesis and tissue 
inflammation. 40 

Drug and gene delivery 


Although targeting mechanisms enable the microbubbles to become 
attached to particular biological markers, it is the ability of ultra¬ 
sound in the presence of the microbubbles to cause transient pora- 
tion of the cell wall that enables the microbubbles, their contents or 
other localised extracellular materials to pass into the cell. This 
transient permeability of the cell wall is known as sonoporation. To 
date, it is unclear from the literature the exact range of phenomena 
that are responsible for sonoporation. Although early research sug¬ 
gested that inertial cavitation was the source, more recent work 
using high speed cameras suggests that micro-streaming associated 
with non-inertial cavitation may also be associated with sonopora¬ 
tion. 41 Alternatively, the generation of extremely high temperatures 
associated with inertial cavitation may result in an increase in 
the fluidity of the phospholipid membranes thus allowing the 


microbubble to fuse with the cell membrane. However, from the 
literature it appears that many factors affect the size and perma¬ 
nency of the opening in the cell wall not least the relative closeness 
of the microbubble to the cell wall. 42 

Once sonoporation has occurred, extracellular molecules, such as 
drugs or genes, either incorporated within the microbubbles or 
injected near the site of sonoporation, may then enter the cells 
during this period of permeability thus enhancing the payload of 
the drugs or genes to the cell. 43 Comprehensive reviews of this topic 
are available. 44 


SAFETY OF CONTRAST MICROBUBBLES 

The main area of concern over the safety of ultrasonic contrast 
agents is based around the likelihood of acoustic cavitation taking 
place under routine clinical scanning conditions. The potential 
hazards and risks of diagnostic ultrasound with and without con¬ 
trast agents have recently been addressed. 45 In summary, since 
acoustic cavitation is extremely unlikely to occur in a conventional 
scan due to the lack of pre-existing gas bubbles within the body, 
the probability of harm is extremely low. If contrast is introduced 
the risk of acoustic cavitation and the severity of harm induced by 
it are considered higher. 

The safety of two contrast agents (Definity and Optison) has 
recently been assessed retrospectively in a large multicentre clinical 
study. The conclusions of the study indicated that the agents had a 
good safety profile in both cardiac and abdominal ultrasound appli¬ 
cations and the incidence of severe adverse reactions is less than 
that associated with other contrast agents used with other imaging 
modalities. 46 

The World Federation for Ultrasound in Medicine and Biology 
(WFUMB) published a series of articles as a result of a safety sym¬ 
posium dedicated to the use of ultrasonic contrast agents in diag¬ 
nostic applications. This series of articles comprehensively addresses 
clinical applications and safety concerns for contrast agents, 47 
in-vitro bioeffects, 48 in-vivo bioeffects, 49 exposures from diagnostic 
ultrasound equipment 50 and mechanisms for the interaction of 
ultrasound. 51 As a result of this symposium, recommendations for 
reducing the likelihood of bioeffects when using ultrasound con¬ 
trast agents included: (i) scanning at low MI, (ii) scanning at higher 
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Figure 6.19 Example of acoustic shadowing during a cardiac study after a bolus injection of contrast. A: complete shadowing 
of left ventricle by contrast in right ventricle. B: contrast begins to clear from right ventricle, shadowing reduces. C: complete left ventricular 
opacification is now visualised. 




Clinical applications and safety 

• Ultrasound contrast microbubbles can be targeted to sites within 
the body. 

• They are currently being investigated as drug delivery agents. 

• WFUMB recommendations for the safe use of ultrasound include: 

• scanning at low Ml 

• scanning at higher frequencies 

• reducing total acoustic exposure time 

• reducing contrast dose 

• adjusting cardiac triggering to avoid end-systole triggering. 


frequencies, (iii) reducing total acoustic exposure time, (iv) reduc¬ 
ing contrast agent dose and (v) adjusting the timing of cardiac 
triggering to avoid systole where most ventricular arrhythmias 
have been shown to occur. 52 The safety of ultrasound is discussed 
more fully in Chapter 4. 


IMAGING ARTEFACTS 


There are several artefacts that must be taken into consideration 
when making clinical ultrasound measurements after the injection 
of a bolus of contrast. These may be subdivided into propagation 
artefacts and Doppler artefacts. 

Propagation artefacts 


When contrast is injected into the body, although it scatters ultra¬ 
sound strongly it also strongly attenuates and consequently as the 
bolus of contrast passes through a vessel or through the heart, 
organs distal to the vessels will temporarily disappear from the 
screen until the bolus clears through the system. This is readily 
observed in cardiac scanning where a large amount of the contrast 
agent can build up within the ventricles and obscure the posterior 
walls (Fig. 6.19). Shadow artefacts are commonly helpful in making 
a diagnosis in ultrasonic imaging; however, those created by con¬ 
trast agents have not been used in that way. 

Although a single bubble can be detected as a single spot in an 
image, when there are a large number of bubbles the spots in the 


image cannot be directly related to individual bubbles. The echo 
signals from bubbles in this situation interfere to form a speckle 
pattern, just as in the familiar case of echoes from the scattering 
centres in the parenchyma of organs. It is worth noting that the 
motion of the speckle pattern does not necessarily relate directly to 
the motion of the bubbles. 

Where strong scatterers are present, such as gas bubbles, the echo 
signals may not travel directly back to the transducer; instead the 
path may involve multiple scatters. The multiple scattering delays 
the return time of an echo and hence it is depicted deeper than the 
actual position of the original source of the echo. The distal aspect 
of the region containing bubbles may therefore be displayed beyond 
its true boundary. 

Doppler artefact 


After the injection of a bolus of contrast agent, an artefact known 
as colour blooming may be observed during colour Doppler studies. 
When contrast agent enters a vessel the magnitude of the signal 
scattered from within the vessel increases, giving a corresponding 
increase in the Doppler signal. This effectively broadens the width 
of the scanning beam, allowing flow to be detected in the weaker 
regions of the beam. The resulting degradation of the lateral resolu¬ 
tion causes the colour-coded flow region in the image to expand, 
i.e. 'bloom'. The effect is similar to having the Doppler gain too high 
and may be compensated by reducing the gain. 
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INTRODUCTION 


The liver is the largest organ in the human abdomen. Due to its size, 
position and architecture, it has a special place in abdominal ultra¬ 
sound, often influencing both the selection and set-up of ultrasound 
scanners. Knowledge of the normal anatomy and appearances is 
essential, in view of developments in hepatic surgical and interven¬ 
tional techniques, and the worldwide increase in chronic liver 
diseases. 


ANATOMY 


The normal liver lies mostly in the right upper abdomen, protected 
by the lower right rib cage; only its thin left part lies to the left of 
midline. It is a solid organ, weighing approximately 1.5 kg. 1 It 
shows a basic wedge shape, rounded on the right and tapering to 
the left. The domed superior surface fits smoothly under the cupola 
of the right diaphragm and adjacent right ribs; the flatter inferior 
surface is tilted such that it faces posteriorly and to the left, and is 
described as the visceral surface due to its contact with a number 
of other abdominal structures (Fig. 7.1). 

Whereas the superior surface is smooth, the visceral surface is 
more complex, and most significantly contains the hilum, or porta 
hepatis. Organs in contact with the visceral surface include, from 
right to left: right kidney, gallbladder, duodenum and stomach. The 
generally smooth surface of the liver is indented anteroinferiorly by 
the gallbladder and ligamentum teres. 

The liver is clothed in adherent peritoneum, apart from the 
fossae for the inferior vena cava and the gallbladder, and the so- 
called 'bare area' posteriorly. At certain points, however, the 
peritoneum is reflected off the surface of the liver to form complex 
folds which connect with neighbouring structures; the coronary 
ligament, and right and left triangular ligaments are situated 
posteriorly, related to the bare area, and are not seen in 
abdominal scans. However, the two other peritoneal folds 
may be seen clearly in the presence of ascites. The falciform liga¬ 


ment is a long triangular fold that lies between the liver and the 
anterior parietal peritoneum, attached anteriorly from the dia¬ 
phragm down to the umbilicus, and posteriorly to the liver 
from the upper end of the ligamentum teres and along its 
anterior surface. It shows a third, free edge extending from the 
inferior argin of the liver to the umbilicus, enclosing the ligamen¬ 
tum teres. 

The lesser omentum is an important anatomical landmark in the 
abdomen, but also is usually only seen when surrounded by fluid. 
It is a double layer of peritoneum that extends as a sheet from the 
lesser curve of the stomach to the liver and is also known as the 
hepatogastric ligament. It attaches in the fissure for the ligamen¬ 
tum venosum and from there folds back on itself to continue as the 
peritoneal layer covering the liver itself. At the oesophagogastric 
region the anterior layer continues over the diaphragm as the pari¬ 
etal peritoneum while the posterior layer is reflected over the pos¬ 
terior abdominal wall (mainly covering the body and tail regions 
of the pancreas) as the posterior wall of the lesser sac. On the right 
the two layers separate to enfold the hepatic pedicle (comprising 
the portal vein, the hepatic artery and the bile duct), fusing lateral 
to them to form a free border that stretches up from the first part of 
the duodenum to the lateral part of the porta hepatis where the 
layers again continue into the peritoneum covering the liver. Thus 
a foramen is formed immediately posterior to the porta hepatis 
where the general peritoneum communicates with the recess (the 
lesser sac); it is known as the 'foramen of Winslow' and its poste¬ 
rior margin overlies the inferior vena cava. The other walls of the 
lesser sac are formed by the posterior wall of the stomach and the 
peritoneum over the upper retroperitoneal structures so that part 
of the pancreas lies immediately posterior to it. On the left it 
extends up to the splenic hilum. Most of the caudate lobe lies 
within it. 

The coronary ligaments over the diaphragmatic surface of the 
liver divide the subphrenic peritoneal space into anterior and pos¬ 
terior portions which are more completely separated on the right 
where the ligament is more extensive. The posterior subphrenic 
space continues into the hepatorenal space ('Morison's pouch'). 
These spaces delimit regions in which ascitic fluid and infective 
collections are confined. 

The ligamentum teres and ligamentum venosum are remnants 
of the fetal circulation (Fig. 7.2) which appear as fibrous, reflective 
bands on ultrasound. Ligamentum venosum (fetal ductus 
venosus) extends from the left portal vein branch, upwards and 
to the right of the caudate lobe to join the vena cava at the orifice 
of the left hepatic vein. Ligamentum teres (fetal umbilical vein) 
runs in the liver from the anteroinferior fissure of the left lobe to 
join the left portal vein branch. Small, normally invisible vessels 
run along it: the hepatic branch of the superior epigastric artery, 
and small veins connecting portal vein to the umbilicus (the latter 
may dilate markedly in portal hypertension to form the para¬ 
umbilical vein and subcutaneous periumbilical collaterals - 'caput 
Medusae'). 

The liver is traditionally divided into left and right lobes, and 
currently the most widely accepted segmental classification is that 
described by Couinaud (see below), which is based on the vascular 
architecture of the liver. 2 
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Figure 7.1 Anatomy of the liver. Two views of the liver are shown in diagrammatic form. The diaphragmatic surface is much simpler 
than the visceral surface which contains the porta hepatis. Note that in vivo the visceral surface is tilted to face inferomedially. Couinaud’s 
segmental numbering system is indicated. IVC, inferior vena cava. 



Figure 7.2 Fetal circulation through the liver. The venous 
bypass in the fetus takes blood returning from the placenta via the 
umbilical vein to the left portal vein and thence directly to the left 
hepatic vein and on into the inferior vena cava. The temporary 
vessels that carry this blood (the umbilical vein and the ductus 
venosus) undergo vasospasm at birth and they subsequently 
thrombose to form the ligamentum teres and ligamentum venosum, 
respectively. If the spasm extends into the left portal vein itself, 
lateral parts of the left lobe of the liver become ischaemic. This may 
account for the marked variability in size of this segment. 



Right portal vein Gallbladder Left portal vein 


Figure 7.3 Blood vessels of the liver. The main branches of the 
portal vein and the way they interdigitate with the three main 
hepatic veins are illustrated. Couinaud’s segmental divisions are 
indicated in Roman numerals. 


VASCULAR AND BILIARY ARCHITECTURE 

The generally smooth liver parenchyma is traversed by several 
vascular structures: the portal veins, hepatic veins, hepatic arteries 
and the bile ducts. The liver is unique in receiving two blood sup¬ 
plies: the hepatic artery provides approximately 25% of the inflow 
at rest, in the form of oxygenated blood direct from the systemic 
arterial system; the portal vein provides partially deoxygenated 
blood (75%) via the bowel, spleen and other viscera. Both pass 
through the porta hepatis, along with the bile duct. Venous drain¬ 
age occurs via the hepatic veins, directly into the upper inferior 
vena cava to the right atrium of the heart (Fig. 7.3). 

The common hepatic artery is normally a branch of the coeliac 
axis, and divides into left and right branches at or somewhere 
before the porta hepatis. In around 50% of people variations in its 


origin occur, 3 including separate left and right supplies from the 
coeliac axis and superior mesenteric artery (SMA), or common 
supply from the SMA alone. Identification of these vessels is impor¬ 
tant in preoperative assessment of liver transplant recipients. The 
diameter of the normal common hepatic artery is 5 mm or less. On 
ultrasound images, the artery is roughly parallel with the portal 
vein at the porta, but is more tortuous, and is seen coming in and 
out of the scan plane. 

The portal vein originates as the confluence of the splenic and 
superior mesenteric veins, and enters the liver at the porta hepatis. 
It runs roughly transversely in the right upper abdomen, angled 
superiorly and to the right, and always lies posterior to the hepatic 
artery and bile duct. The main portal vein is a short trunk, a few 
centimetres in length and around 1 cm in diameter, which divides 
as it enters the liver into left and right branches. The left branch 
curves anteriorly before dividing further into segmental branches. 
































Segmental anatomy of the liver 


The right portal vein passes transversely for a few centimetres 
before dividing into anterior and posterior branches, then further 
subdividing into segmental veins. Within the liver parenchyma the 
hepatic arteries follow the same course. 

The hepatic veins comprise three main veins - left, middle and 
right. The left vein is relatively short, and lies approximately in the 
midline sagittal plane; the middle vein courses from the line of the 
gallbladder fossa towards the inferior vena cava, usually joining 
with the left vein to form a short trunk before draining into the 
inferior vena cava (Fig. 7.4). The right vein lies in the coronal plane 
and empties directly into the vena cava. In addition to this normal 
arrangement of the three major veins, some liver segments which 
lie in direct contact with the vena cava are drained directly by the 
short inferior hepatic veins; these segments include the caudate lobe 
and the superomedial part of the right lobe (Fig. 7.5). 

The bile ducts drain bile from the liver into the duodenum. The 
intrahepatic arrangement of the ducts is similar to that of the portal 
venous system, with the small segmental ducts joining to form left 
and right ducts, which normally lie anterior to their companion 
portal vein branches. Close to the porta hepatis, the right hepatic 
duct passes over the right portal vein, usually with the hepatic 
artery in between. The confluence of the left and right ducts lies just 
outside the liver parenchyma, forming the common hepatic duct. 
At a variable point along its length, the common hepatic duct is 
joined by the cystic duct (which drains the gallbladder) to form the 
common bile duct. Since this point cannot always be identified with 
transabdominal ultrasound, the extrahepatic duct is often referred 



Figure 7.4 Venous drainage of the liver. Transverse section. 
Arrow points to the short trunk forming the confluence of left and 
middle hepatic veins before entering inferior vena cava. The right 
hepatic vein enters the cava separately. 


to simply as the 'common duct'. From the liver, the common duct 
passes down anterolateral to the portal vein, then posterior to the 
first part of duodenum, through the posterior border of the head of 
pancreas, and turns sharply and transversely to the right to empty 
into the second part of duodenum at the ampulla of Vater. The 
common duct does not lie perfectly parallel with the main portal 
vein, but sits in a very slightly more sagittal plane, so that it appears 
to cross the portal vein as it passes inferomedially to the duodenum. 
This difference in duct/vein plane may become more pronounced 
in older patients. 

The liver also possesses a lymphatic system. The network of 
lymph vessels lies predominantly within the portal tracts, and like 
elsewhere in the body is not seen with ultrasound. However, their 
distribution can be revealed in the presence of lymphoedema (for 
instance in some forms of cirrhosis or after liver transplantation), 
when low reflectivity cuffing may be seen surrounding the portal 
tracts. 4 

Microscopically, the anatomy of the liver is still a matter of inter¬ 
esting debate. 5 Functional units within the liver structure have been 
described since 1833, in the form of Kiernan's 'classic lobule' - a 
hexagonal lobule made up of the sinusoids, with portal tracts 
(including portal vein, hepatic artery and bile ducts) at the six 
corners and a draining hepatic vein at the centre. Later models 
include the 'portal lobule' - portal tract at the centre and hepatic 
venules at the periphery - and the 'liver acinus'. Current concepts 
favour primary and secondary lobules, with 'vascular septa' as the 
basis for the lobular architecture. It should be noted that the micro¬ 
anatomy of the liver differs across species, both between animal 
species and between animals and humans. Also, that these relation¬ 
ships apply only to the adult liver; the arterial and biliary systems 
are immature at birth, and in humans the hepatic arterial system 
may only proliferate to reach the adult state at 15 years of age, sug¬ 
gesting that the portal blood supply may be more important than 
the arterial in establishing the lobular architecture. 5 


Overview of liver 

• The liver is the largest organ in the abdomen. 

• Knowledge of its complex three-dimensional structure is essential 
for localisation and surgical planning. 

• Peritoneal folds, other ligaments and vascular structures are 
important landmarks. 

• The liver receives a dual blood supply: 25% from hepatic artery, 
75% from portal vein. 


SEGMENTAL ANATOMY OF THE LIVER 

An understanding of the segmental anatomy is now an essential 
part of the ultrasound examination of the liver. The most widely 
used classification is that described by Claude Couinaud, a French 
surgeon. The common usage of the Couinaud nomenclature allows 
for more accurate surgical planning and improved, consistent 




Figure 7.5 Inferior hepatic veins. A: Vein 
draining direct from the caudate lobe into 
vena cava. B: Vein draining directly from 
right lobe. 
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Segmental anatomy of the liver 

• Couinaud nomenclature is the most widely accepted classification 
of liver segments. 

• Classification is based mainly on portal and hepatic vein 
relationships. 

• Each half of the liver contains four segments. 

• Caudate lobe (I), left lobe (II, III, IV), right lobe (V, VI, VII, VIII). 

• Variations on this basic arrangement do occur. 


communication of the ultrasound findings to referring clinicians 
and radiological colleagues. The Couinaud system is based on the 
vascular architecture, specifically the anatomical relationships of 
the portal and hepatic venous systems. 

Firstly, the liver is divided into left and right lobes along a virtual 
line (or main hepatic fissure), which extends from the gallbladder 
interiorly to the left side of the inferior vena cava superiorly. This 
line passes through the porta hepatis and demarcates the equal 
sized parts of the liver which are supplied by the left and 
right portal veins and hepatic arteries, and which are drained by 
the left and right bile ducts. Note that the middle hepatic vein lies 
in this plane. 

According to Couinaud, each half of the liver contains four seg¬ 
ments (usually but not essentially using Roman numerals): seg¬ 
ments I (caudate lobe) to IV on the left, and V to VIII on the right. 

Each segment basically has a portal vein branch at its centre and 
a hepatic vein at its margin. The importance of the hepatic veins is 
that these borders form the resection planes for focal liver surgery. 
Variations in the basic arrangement do occur, particularly in the 
right lobe; these variations and the basis of the normal sonographic 
appearances of liver segments are well described from studies of 
cadavers and living subjects. 6 

Segment I, the caudate lobe, begins as an extension of the upper 
posterior part of the right lobe. This caudate process passes to the 
left across the subdiaphragmatic section of the inferior vena cava, 
and expands to form the caudate lobe, lying immediately posterior 
to the left lobe, from which it is separated by a fibrous fissure. The 
caudate lobe differs in that it may receive portal flow from the left 
and right portal veins. 

Segments II and III form the left and right portions of the lateral 
part of the left lobe, respectively. 

Segment IV (the quadrate lobe) is separated from II and III by the 
ligamentum teres and falciform ligament. It may be further subdi¬ 
vided into IVa superiorly and IVb interiorly, such that IVb lies 
adjacent to the gallbladder. To the right it is separated from V and 
VIII by the middle hepatic vein and the main hepatic fissure. 

Segments V and VIII form the anterior part of the right lobe, with 
V interiorly and VIII superiorly. Segment V is bordered medially 
by the gallbladder. 

Segments VI and VII form the posterior part of the right lobe, 
with VI interiorly and VII superiorly. Segment VI is the segment 
closest to the right kidney. 

Segments VI and VII are separated from V and VIII by the right 
hepatic vein. 

Further details on the practical segmental anatomy are discussed 
in the later section on scanning techniques. 


VARIATIONS IN ANATOMY AND 
DEVELOPMENT 


Variations in shape of the liver may occur as simple changes or as 
true developmental anomalies. The left lobe is commonly affected 
by changes in shape: it may be lengthened supero-inferiorly as a 
thin sheet extending well below the costal margin, which is rarely 
clinically palpable (Fig. 7.6), or it may extend far to the left of the 
abdomen and be in contact with the left cupola of the diaphragm 



Figure 7.6 Left lobe variation. Sagittal section. A remarkably 
long, thin extension of the left lobe, the inferior tip of which lies in 
the lower abdomen anterior to the first sacral segment. 



Figure 7.7 Left lobe variation. Left intercostal view. Lateral 
extension of the left lobe appearing as a low reflectivity region 
between spleen and diaphragm. This can give the appearance of 
a ‘two-tone spleen’, or suggest a subphrenic collection. 


and upper pole of the spleen. This gives rise to a very misleading 
appearance - the 'two-tone spleen' - which can be misinterpreted 
as a left subphrenic collection, the liver being of lower reflectivity 
than the spleen (Fig. 7.7). 

Riedel's lobe is a common anomaly, seen as a tongue-like elonga¬ 
tion of the right lobe extending interiorly, and lying anterior to the 
right kidney (Fig. 7.8). A Riedel's lobe may extend well into the 
right iliac fossa, and may appear to be almost pedunculated. True 
pedunculated accessory lobes are rare, and may cause clinical and 
imaging confusion as they can be found in any position in the 
abdomen; 7 they may also be affected by focal masses or torsion. 

The caudate lobe may vary markedly in shape and size, from very 
small to extending below the free inferior border of the left lobe 
(Fig. 7.9). In transverse section an enlarged or partly pedunculated 
caudate lobe can be mistaken for a pre-aortic mass or abnormal 
lymph node (Fig. 7.10). 

Sitting snugly in the upper abdomen, the soft liver surface can 
easily be indented by firmer adjacent structures. Thus the diaphrag¬ 
matic surfaces of the liver are often indented by a series of curved 
grooves from ribs and muscular leaflets, which can produce a con¬ 
fusing picture in almost any plane (Fig. 7.11). These are particularly 






Variations in anatomy and development 



Figure 7.8 Riedel’s lobe. Sagittal section. A large Riedel’s lobe 
extending well below the right kidney into the right iliac fossa. 



Figure 7.9 Caudate lobe. Sagittal section. In this individual the 
caudate lobe (arrow) is slightly elongated and projects interiorly. 



Figure 7.10 Caudate lobe. Transverse section. A pedunculated 
caudate lobe can appear almost separate from the liver and may 
suggest an extrahepatic mass. 
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Figure 7.11 Diaphragmatic slips. Oblique section. These slips 
are most noticeable in thin individuals and can appear as angular 
grooves on the normally smooth upper and right surfaces of 
the liver. 


noticeable in thin subjects. Deep peritoneal folds also may produce 
accessory fissures from the diaphragmatic surface. 

True congenital anomalies of the liver are rare, and in the case of 
segmental fusion may not be detected with cross-sectional imaging. 
For instance, a study of 54 cadavers 8 showed normal lobar develop¬ 
ment in 54%, the most frequent variations from normal being 
various segmental fusions (30%), with lobar absence comprising left 
2%, caudate 7% and quadrate 4%; whereas a review of 383 CT scans 
identified around 95% as normal, with lobar absence comprising 
left 3%, right 0.3%, other segments 2%. 

Failure of development most commonly affects the left lobe - 
segments II and III - with subsequent compensatory hypertrophy 
of segment IV and the right lobe. This failure may be the result of 
true hypoplasia, or due to ischaemia resulting from excessive spasm 
of the left portal vein branch associated with closure of the placen¬ 
tal-hepatic bypass at birth. Occasionally this condition is associated 
with defective development of the diaphragm, which may give rise 
to gastric volvulus. Absence of the right lobe is rare, and may also 
be associated with diaphragmatic defects. 

Adult polycystic liver disease (APLD) is an inherited disorder 
which affects approximately 50% of patients with autosomal domi¬ 
nant polycystic kidney disease (ADPKD). 9 The cysts tend to appear 
from puberty onwards, and increase with age; thus they are found 
in around 20% of patients in their third decade and 75% in the 
seventh decade; they are more common in women. The cysts result 
from an overgrowth of biliary epithelium and supportive connec¬ 
tive tissue, and range in size from microscopic to several centime¬ 
tres in diameter. A severely affected liver may be hugely enlarged 
and occupy most of the abdominal cavity. Cysts may also be found 
in the pancreas and spleen. 

ADPKD and APLD present problems for ultrasound imaging. 
The large numbers of cysts produce multiple reflecting surfaces and 
through transmissions, resulting in a 'hall of mirrors' effect 
(Fig. 7.12). Although the near field cysts may be seen well, the 
ultrasound image often degrades rapidly with depth, so that search¬ 
ing for the common symptomatic complications of these conditions 
(e.g. haemorrhage and infection) can be difficult if not impossible. 
Tissue harmonic imaging should be used to reduce noise and 
improve contrast, along with appropriate adaptation of time gain 
compensation. If both the liver and the kidneys are severely affected, 
it can be difficult to identify the organs separately using cross- 
sectional imaging (Fig. 7.13); in this situation real-time ultrasound 
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Figure 7.12 Adult polycystic liver. The left lobe almost 
completely occupied by cysts of varying size. The near field detail is 
crisp, but the image degrades with depth - the ‘hall of mirrors’ 
effect. 



Figure 7.13 Adult polycystic liver and kidney. The polycystic 
liver in the near field is difficult to differentiate from the polycystic 
right kidney in the far field. In real time, visceral slide can be used to 
identify the planes of tissue separation. 

has an advantage, in that by observing Visceral slide' between the 
two during respiration, it is usually possible to identify their plane 
of separation. 


SCANNING TECHNIQUES 


The liver is a large, complex three-dimensional structure, so it is 
important that the ultrasound practitioner develops a steady, sys¬ 
tematic approach to the assessment of each component of the exam¬ 
ination. These components should include: 

■ segmental approach 

■ parenchyma 

■ reflectivity 



Figure 7.14 Normal left lobe. Sagittal section. Normal 
configuration of left lobe with sharp anteroinferior margin and thin 
caudate lobe (arrow). 


■ attenuation 

■ uniformity 

■ texture 

■ surface 

■ size 

■ vascular and ductal morphology. 

Segmental approach 


The examination is ideally based upon mentally following the seg¬ 
mental anatomy, e.g. from I to VIII, so that no part of the organ is 
overlooked. The Couinaud segments can be followed by a sequence 
of simple and easily identifiable landmarks: the central portal veins, 
the caudate lobe itself, ligamentum teres, the gallbladder, right 
kidney, middle and right hepatic veins. 

Each segment or group of segments should be examined 
by sweeps in two orthogonal planes, e.g. sagittal and transverse, 
wherever possible. Sweeps should extend beyond the liver 
capsule, to identify exophytic liver lesions or adjacent extrahepatic 
pathology. 

Starting in the midline sagittal plane with the transducer posi¬ 
tioned just below the xiphisternum, the normal left lobe shows a 
triangular shape with a sharp anteroinferior border (Fig. 7.14). The 
caudate lobe can be seen deep to the left lobe, separated by the 
reflective fissure line. This view also allows identification of other 
epigastric structures, notably the pancreas, stomach, aorta, 
mesenteric artery origins and adjacent lymph nodes. 

Note that in thin subjects, in deep inspiration, the crura of the 
diaphragm may also appear as a pre-aortic wedge-shaped structure 
of varying reflectivity (Fig. 7.15). 

Rotate the transducer anticlockwise into the transverse plane; in 
this plane, the segments I to IV are arranged anticlockwise, so 
identify the caudate lobe (I) again, then the segmental portal vein 
branches supplying segments II (posterior) and III (anterior), and 
sweep through the segments accordingly (Fig. 7.16). The ligamen¬ 
tum teres appears as a highly reflective fibrous band passing down 
from the anterior surface of the liver towards the left portal vein 
(Fig. 7.17). It is often dense enough to cast a significant acoustic 
shadow. The inferior margin of the ligament and the left portal vein 
are important landmarks for identifying, using colour Doppler, the 
presence of a patent para-umbilical vein in portal hypertension. In 
the presence of ascites, the falciform ligament can be seen extending 
from the ligamentum teres to the anterior parietal peritoneum. 











Scanning techniques 



Figure 7.15 Crura of the diaphragm. Sagittal section. The crura 
(arrowed) are seen as pre-aortic structures in expiration (left) and 
inspiration (right). In inspiration these can appear as a surprisingly 
large structure, with similar reflectivity to adjacent liver. 



Figure 7.16 Left portal vein branches. Transverse section. 
Classical ‘H’ on its side appearance of the main left portal vein 
(LPV) branches to segments II, III and IV (2, 3 and 4). 
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Figure 7.17 Ligamentum teres. Transverse (left image) and 
sagittal (right) sections. The ligamentum teres appears as a highly 
reflective band which is usually linear in transverse section and may 
be triangular or sheet-like in sagittal. It often cast a dense acoustic 
shadow. 


Continuing along the anticlockwise path, segment IV must lie to 
the right of the landmark formed by the ligamentum teres, with IVb 
adjacent to gallbladder. 

In a patient with the appropriate body shape and on deep inspira¬ 
tion, it should be possible to place the transducer in a transverse 
oblique plane, just to the right of midline below the costal margin, 
and angle superolaterally to view segment IV and most of the right 
lobe (Fig. 7.18). This is particularly important in order to cover the 
potential 'blind' area of the upper right lobe segments which occurs 
from the intercostal window (Fig. 7.19). 

Most of the right lobe, the porta hepatis and the major hepatic 
vessels are best assessed from an intercostal window in the right 
anterior axillary line (Fig. 7.20). This approach also provides reliable 
access to these important structures in postoperative patients, when 
much of the abdominal surface may be inaccessible due to wounds, 
drains and dressings. 

Segment V lies anteriorly and is bordered medially by the gall¬ 
bladder and middle hepatic vein. 



Figure 7.18 Subcostal transverse view of liver. This view is 
very useful, demonstrating much of the liver, but can be obtained 
only in some individuals, being very dependent on body shape and 
bowel gas. 



Figure 7.19 Right lobe - the ‘blind area’. The intercostal section 
(left image) shows lack of information in the upper segments close 
to dome of diaphragm, usually due to overlying rib or aerated lung. 
These segments may be seen by taking a right subcostal approach 
in deep inspiration, with cephalad angulation of the transducer 
(right image). 
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Figure 7.20 Right intercostal view. Classical access window 
to the right lobe of liver and porta hepatis, with gallbladder on 
the right. 


Segment VI is the closest segment to the right kidney. 

Segment VII lies superior to VI, and segment VIII superior to V, 
but defining these upper segments can be difficult in practice, some¬ 
times impossible. It is common, across all cross-sectional imaging 
modalities, to see liver pathology described as lying in 'segments 

vi/vir or 'v/vur. 

Liver parenchyma 


The 'ideal' ultrasound image of the normal liver is very much a 
matter of personal preference, and can be a major influence on 
purchasing decisions. The assessment of liver parenchymal texture 
is notoriously subjective, and can give rise to a confusing range of 
reporting terminology in both normal and abnormal situations. 
Some users prefer to see a smooth texture with minimum speckle 
pattern, others prefer a sharper, more 'speckly' image. Modern 
ultrasound scanners possess a vast range of beam-forming and 
image processing techniques, each of which can significantly alter 
the perceived 'echotexture' of the liver; just changing transducers 
on the same scanner can markedly affect interpretation, and it may 
take several scanning sessions to get a feel for normal liver texture 
for each individual transducer/scanner combination. The aim in 
every department should be to develop agreed standards, both for 
imaging technique and reporting terminology. 

The key to ultrasound examination of liver parenchyma is image 
optimisation. Firstly, depth should be adjusted to include only the 
section of liver down to its deepest surface, followed by optimisa¬ 
tion of 2D gain. Time gain compensation should be adjusted to 
produce an image that is as uniform as possible from near to far 
field. Focus depth is generally positioned at the area of interest, but 
may be placed in the far field to improve penetration. An increasing 
number of systems provide semi-automated optimisation controls, 
which alter several parameters simultaneously; these are remark¬ 
ably effective and can be used for rapid image optimisation. Tissue 
harmonic imaging may be used for baseline scanning or activated 
when increased tissue contrast is required - this again is a matter 
of personal preference depending on the system used (Fig. 7.21). 
High-resolution or 'read' zoom should be used to interrogate areas 
of interest. 

Normal liver has a uniform reflectivity that is the same or is 
slightly increased compared to the adjacent normal right renal 



Figure 7.21 Liver parenchyma. Fundamental imaging (left) with a 
broadband 1-5 MHz transducer. Tissue harmonic imaging (right) 
with same transducer, showing subtle changes in representation of 
the liver parenchyma. 



Figure 7.22 Liver reflectivity. The normal liver texture is uniform 
and shows slightly increased reflectivity compared with adjacent 
normal renal cortex. 


Liver assessment 

• Scanning technique should be systematic and segmental. 

• Perception of liver texture is highly subjective. 

• Parenchymal appearances can be markedly changed using 
different systems and imaging parameters. 

• Accurate assessment of liver size is difficult. 

• Assessment of the liver surface is an important component of the 
examination. 


cortex (Fig. 7.22). The parenchymal texture should be homogene¬ 
ous. Since the time gain compensation curves of most scanners are 
set up using the right lobe of liver as a reference, there should be 
little or no appreciable attenuation of echoes when progressing 
from near to far field in normal circumstances. 








Scanning techniques 



Figure 7.23 Liver surface. Sagittal section of left lobe using a 
linear 5-17 MHz transducer with spatial compound imaging. Normal 
linear appearance (arrows) with no irregularity. 


Table 7.1 Dimensions of the normal liver 3 

Diameter 

Mean ± SD (cm) 

Midclavicular longitudinal 

10.5 ± 1.5 

Midclavicular anteroposterior 

8.1 ±1.9 

Midline longitudinal 

8.3 ± 1.7 

Midline anteroposterior 

5.7 ± 1.5 


Liver surface 


The surface of the normal liver presents as a very smooth reflective 
interface. Identification of a change to an irregular or nodular 
surface is extremely important in the assessment of diffuse chronic 
liver disease, e.g. cirrhosis, so an ultrasound examination of the 
liver should include a high-resolution image of its surface. This is 
best obtained from a Tree' edge (usually the anterior border of the 
left lobe, as the right lobe intercostal surface may be compressed by 
the adjacent chest wall) using a high-frequency linear transducer 
(Fig. 7.23). Spatial compound imaging assists in improving the edge 
definition of the liver surface, allowing detection of subtle varia¬ 
tions. Systems are also increasingly able to provide improved edge 
definition at depth, e.g. of the free inferior (visceral) surfaces of both 
left and right hepatic lobes. 

Liver size 


Right lobe Caudate lobe Splenic artery 



Transverse section 


Figure 7.24 Measurement of the caudate lobe. The position for 
measurement of the caudate lobe in the transverse plane is shown. 
The normal caudate is less than two-thirds the transverse diameter 
of the right lobe. 



Figure 7.25 Volume ultrasound. Volume acquisition of the left 
lobe of liver (segments II and III) using a 2-6 MHz mechanically 
swept curvilinear transducer, 3 second scan time. Multiplanar 
images (right) have been measured using a stacked contour 
technique, to produce a surface-rendered representation of this 
part of the left lobe. Volume calculation 250 ml_. 


Clinical hepatomegaly is defined by palpation of the liver edge 
below the costal margin, but this evaluation is notoriously unreli¬ 
able. 10,11 For example, a normal size liver may be displaced interi¬ 
orly by overinflated lungs or by an enlarged heart, or a Riedel's lobe 
may be present. One advantage of ultrasound is that the inferior 
border of the liver can rapidly be located in relation to the clinical 
marker of the costal margin, so that a clinical diagnosis of hepatome¬ 
galy can be correlated directly with normal or abnormal ultrasound 
findings. 

Wide variations in the configuration of the liver make any assess¬ 
ment of its overall size difficult, and like so many aspects of liver 
ultrasound, this evaluation is subjective. Ultrasound assessment of 
liver size is possible, using linear measurements in standard posi¬ 
tions, and these may be useful in specific circumstances. 12 For refer¬ 
ence, longitudinal (maximum supero-inferior span) measurements 
of the left lobe in the midline and right lobe in midclavicular line 
from 1000 healthy subjects are listed in Table 7.1. 


However, the size of the caudate lobe is relatively easily assessed 
using linear ultrasound measurements, and this may be helpful in 
confirming enlargement in conditions such as cirrhosis or hepatic 
vein occlusion (Budd-Chiari syndrome). The transverse diameter 
can be obtained as shown in Figure 7.24, where this diameter at the 
level of the porta can be compared with that of the right lobe. The 
normal caudate lobe should be less than two-thirds the diameter of 
the right lobe. 13 The anteroposterior diameter of the caudate lobe 
can also be measured and compared with that of the adjacent left 
lobe; the normal caudate diameter should be less than half that of 
the left lobe. 

Recent and ongoing developments in volume acquisition ultra¬ 
sound, using mechanical and true matrix transducers, provide for 
more accurate volumetric analysis, but the size of the normal liver 
is too great for their current acquisition range. However, these tech¬ 
niques can be used for measuring the volume of specific parts of 
the liver, e.g. left lobe (Fig. 7.25), and are increasingly being used to 
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assess more accurately the size and progress of neoplastic masses 
in the liver. Since assessment of overall liver size is now achievable 
using rapid MR or CT sequences, these may be the method of 
choice. 

Vascular and ductal morphology 


These structures can be imaged at the porta hepatis, and in their 
intrahepatic and extrahepatic portions. 

The porta hepatis is usually assessed from the right intercostal 
approach. This approach also provides an optimal incident angle 
(around 30°) for Doppler studies. The portal vein should be identi¬ 
fied as the largest vessel at the porta, and the scan plane oriented 
such that it is seen lengthways (Fig. 7.20). With slight variations 
from this plane, the common duct will be seen as a smaller vascular 
structure lying above the portal vein. Closer to the hilum of the 
liver, the right and left ducts, and the right and left portal veins, 
may be traced as separate structures. At the hilum, the hepatic 
artery, more likely the right branch of the hepatic artery, may be 
identified in cross-section lying between the duct and portal vein. 
The relationship of the hepatic artery and common duct shows 
variations along their lengths, but the pair almost without exception 
lie above the portal vein on this projection. 

In transverse section, the portal vein appears as the largest vas¬ 
cular 'ring', with the hepatic artery and common duct lying imme¬ 
diately anteriorly. 

The portal vein can be traced from the porta into left and right 
branches. Each of these generally divides in 'H' form, with the 'H' 
appearing to lie on its side, to supply the lobar segments 6 (Fig. 7.16). 

The intrahepatic portal and hepatic veins can be differentiated by 
their anatomical orientation, rather like the interlocking fingers of 
two hands, and to some extent by their structural appearances. 
Portal veins tend to have thicker, more reflective walls, whereas 
hepatic veins may appear to have no walls at all (Fig. 7.26). The 
portal vein wall borders are enhanced by the accompanying bundle 
of hepatic artery, bile duct and associated connective tissue. 
However, this is a very variable difference, and depends markedly 
on the incident angle of the ultrasound beam. Thus normal hepatic 
veins lying perpendicular to the beam may show a reflective wall, 
which disappears when approached from a different, more acute 
angle (Fig. 7.27). In addition, modern adaptive image processing 



Figure 7.26 Hepatic and portal vein walls. Section of right lobe. 
The portal veins in cross-section show highly reflective walls 
compared with the interposed hepatic vein. 


techniques can markedly alter the appearances of both liver texture 
and linear structures within the liver - another case for learning the 
capabilities of, and variations produced by, individual systems. It 
should be noted that a number of diffuse liver diseases are more 
likely to show changes around the portal tracts than around the 
hepatic veins. 

As well as developments in image processing, progressive 
improvements in spatial resolution are making it possible routinely 
to identify the components within the portal tracts (vein, artery and 
duct) as discrete vessels, down to at least segmental level (Fig. 7.28). 
For quantification and surveillance purposes, a transverse view of 
the left lobe should be recorded with the portal tracts of segments 
2 and/or 3 seen lengthways, i.e. perpendicular to the beam. 
Although clearly there may be asymmetry of these structures 
between left and right lobes, in diffuse disease these tracts are more 
easily assessed than those in the right lobe. 



Figure 7.27 Hepatic vein walls. The effect of incident beam 
angle on wall reflectivity (right hepatic vein). With an acute angle of 
approach (left) the hepatic vein shows little or no wall reflectivity. 
The same vein imaged with a perpendicular approach (right) shows 
highly reflective walls, similar to a normal intrahepatic portal vein. 



Figure 7.28 Left lobe portal tract: segment II. Recent 
developments in spatial resolution allow routine visualisation of 
vascular detail in the portal tracts. In this image of the segment II 
tract, the portal vein is the largest vascular structure, with normal 
bile duct and hepatic artery anteriorly. 
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Figure 7.29 Right hepatic vein. Intercostal coronal oblique 
showing right hepatic vein entering inferior vena cava. 



Figure 7.31 Cystic duct insertion. Subcostal oblique section. 
The cystic duct (arrow) is seen entering the deep wall of the 
common hepatic duct, combining to form the common bile duct. 
Note the slight dilatation of the common duct at this point. 



Figure 7.30 Common hepatic duct measurement. Intercostal 
view of porta hepatis. The common duct is measured (callipers) at 
the point where it crosses the hepatic artery (arrow) in cross- 
section. PV, portal vein. 


The three main hepatic veins can sometimes be seen at once in 
subxiphoid high transverse sections of the liver as they converge 
towards the inferior vena cava. More often, several different planes 
are required to image them individually. The right hepatic vein can 
be seen in a coronal oblique plane from the intercostal window, and 
traced directly into the vena cava (Fig. 7.29). Left and middle 
hepatic veins can be seen converging into their common trunk from 
a transverse plane with some cephalad angulation (Fig. 7.4). 

The common duct is conventionally measured at the porta 
hepatis, around the point where the triad of vein, duct and artery 
are seen, and the artery is in cross-section (Fig. 7.30). Taking an 


average adult diameter of 4 mm, and an upper limit of normal as 
around 6 mm, a useful formula to remember is to add 1 mm per 
decade of life (i.e. 7 mm at 70 years of age would be within normal 
limits). On occasion, the normal cystic duct draining the gallbladder 
may be seen entering the common duct, usually into its deeper 
aspect (Fig. 7.31) and around this level the common duct may show 
some slight natural dilatation of a millimetre or two. Difficulties in 
choosing the right level for measurement can also occur in older 
patients, when the duct may show some fusiform dilatation. 
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INTRODUCTION 


Ultrasound is usually the first imaging modality employed in 
patients with repeatedly altered liver function tests or clinically 
suspected diffuse liver disease. As well as being able to exclude 
other conditions such as biliary obstruction, there are a number of 
recognised patterns of altered liver echotexture, contour and shape 
that are indicative of certain diffuse liver conditions. These changes, 
however, are often subtle or even non-detectable; therefore the 
operator needs to be extremely familiar with the appearance of 
normal liver on the particular ultrasound system they are using. 

When assessing the liver parenchyma, both a standard curvilin¬ 
ear abdominal transducer and ideally a high-resolution (8-12 MHz) 
linear or curvilinear array should be used. The latter enables a 
detailed assessment of the liver surface, parenchymal echotexture 
and contour of the peripheral portal tracts and hepatic veins. 
Although not covered in this chapter, Doppler interrogation of the 
hepatic artery, veins and portal vein offers valuable information 
with respect to the altered haemodynamics associated with certain 
liver conditions. 

Recently the use of microbubble contrast agents has been shown 
to assist both in the assessment of altered hepatic blood flow 1,2 and 
in the characterisation of focal nodules seen in chronic liver 
disease. 3,4 Novel applications of pulse-echo technology can now be 
applied to measure the speed of a generated elastic shear wave 
through the liver, 5 or the extent of tissue displacement following a 
short acoustic radiation force. 6 Both of these techniques produce an 


objective measurement of liver stiffness and can therefore poten¬ 
tially identify fibrosis before it is visibly detectable on conventional 
B-mode imaging. 


LIVER REFLECTIVITY AND ATTENUATION 

Assessment of the liver's parenchymal reflectivity and attenuation 
is usually made by direct comparison to adjacent organs and to 
internal reflective interfaces, namely the portal tracts. Care must be 
taken with respect to the overall gain setting, time gain com¬ 
pensation, and on more recent scanners the use of tissue har¬ 
monics and 'auto-optimisation' controls, all of which may alter the 
operator's perception of both relative reflectivity and attenuation 
(Fig. 8.1A-C). 

Normal liver parenchyma has a reflectivity similar or slightly 
higher to that of the right kidney. Misinterpretation of altered liver 
reflectivity may therefore occur in the presence of certain renal 
pathologies, due to an increase or reduction in renal parenchymal 
echotexture. Liver parenchyma is less reflective than that of the 
spleen and this is potentially a more reliable comparison than using 
the right kidney; however, it is not always easy to make if the left 
lobe is small. 

In the normal liver the portal tracts are strongly reflective, appear¬ 
ing as white lines outlining the portal veins. Any increase in paren¬ 
chymal reflectivity will reduce this differential in reflectivity with a 
resulting loss of portal vein wall clarity. 7 Likewise conditions result¬ 
ing in periportal oedema or inflammation may increase the appar¬ 
ent reflectivity of the portal tracts. 

Normal liver attenuates the ultrasound beam at around 1 dB/ 
MHz/cm of depth and diffuse liver disease may either increase or 
decrease this. With the correct TGC settings, the normal liver has 
relatively uniform echo amplitude throughout its depth and the 
interface with the diaphragm is clearly seen. Broadband tissue har¬ 
monic imaging can improve tissue penetration in the liver 8 and 
may therefore potentially mask an early increase in liver attenua¬ 
tion: likewise a similar situation may occur with the use of auto¬ 
optimisation controls. 

A number of studies have sought to objectively measure the 
attenuation of liver parenchyma using the amplitude of the raw RF 
data within the returning echo in order to distinguish between 
various diffuse parenchymal processes. 9,10 Although this has shown 
promise, to date, these techniques have not been adopted into 
routine clinical practice. 


LIVER ECHO PATTERN 


The spatial distribution and amplitude of the interleaving echoes 
returning from the liver parenchyma determine the perceived echo¬ 
texture of the liver. This will change in various pathologies, becom¬ 
ing finer, coarser or more irregular in distribution depending upon 
the underlying process. However, it should be remembered that 
there is little correlation between perceived echotexture and any 















Fatty liver 




Figure 8.1 Effect of machine settings on liver reflectivity 
and attenuation. A: Scan through the right lobe of the liver on 
fundamental setting. B: Same view with tissue harmonic imaging, 
showing apparent increased parenchymal reflectivity and reduced 
periportal reflectivity. C: Same view with differential tissue harmonic 
imaging (broadband harmonics) and an auto-optimisation setting 
again showing apparent altered parenchymal reflectivity, but also 
increased penetration. 


Sonographic features of normal liver 

• Liver reflectivity > right kidney 

• Liver reflectivity < spleen 

• Defined reflective periportal tracts 

• Visible diaphragmatic interface 

• Uniform parenchymal speckle pattern 


true anatomical structure, with a significant contribution towards 
the altering echo amplitude arising from scatter. Echotexture is also 
dependent upon technical factors within the ultrasound scanner 
and therefore speckle reduction techniques such as spatial or fre¬ 
quency compounding can dramatically alter the apparent liver 
texture (Fig. 8.2A and B). 


FATTY LIVER 


Fatty liver is one of the commonest abnormal findings on an 
abdominal ultrasound and its incidence across Western countries 
is increasing. It represents the reversible accumulation of 


triglycerides within the cytoplasm of hepatocytes as a result of 
disruption to normal lipid metabolic pathways, predominantly 
those of free fatty acids. 11 Initially hepatocyte accumulation of lipid 
is centrilobular (around the hepatic vein) in distribution, but with 
increasing severity this extends out towards the portal tracts 
(Fig. 8.3A and B). 

Worldwide the commonest two causes of a fatty liver are alcohol 
and non-alcoholic fatty liver disease (NAFFD). 11,12 Other important 
secondary causes include obesity, diabetes mellitus, hyperlipidae- 
mia, pregnancy, starvation, drugs (especially steroids), severe hepa¬ 
titis, gastrointestinal bypass surgery, cystic fibrosis and glycogen 
storage disease (Table 8.1). As the process behind fatty liver is 
dynamic any correction of the primary cause will frequently result 
in its rapid reversal (Fig. 8.4A and B). 13 

On ultrasound the presence of multiple fat interfaces throughout 
the liver causes a diffuse increase in parenchymal reflectivity, 
making it greater than that of the adjacent normal right kidney, or 
more reliably the spleen. Unlike other causes of a 'bright liver' 
(Table 8.2), the echo pattern is fine and uniform, and with increasing 
fat deposition there is attenuation of the ultrasound beam, through 
both absorption and scatter. 11,14,15 

Diffuse fatty liver can be described as: 'mild' when there is 
minimal increase in parenchymal reflectivity, 'moderate' when 
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Figure 8.2 Alteration of liver echotexture with machine settings. A: Identical view to Figure 8.1 with spatial compounding showing a 
fine interleaving echo pattern from the liver parenchyma. B: Same view with frequency compounding switched on resulting in a much more 
uniform echotexture. 



Figure 8.3 Fatty liver histology. A: Normal liver biopsy (H&E stain, xlOO magnification), demonstrating uniformity of hepatocyte 
distribution, interrupted by sinusoidal spaces. B: Liver biopsy (H&E stain, xlOO magnification) showing moderate diffuse fatty change; 
at ultrasound the fat globules act as multiple acoustic interfaces hence increasing the parenchymal reflectivity. 


there is loss of intrahepatic vessel wall definition with impaired 
visualisation of the diaphragm, and 'severe' when there is poor 
penetration of the posterior aspect of the right lobe of the liver with 
very poor or non-visualisation of the hepatic vessels and dia¬ 
phragm. 16 With increasing severity there is often a degree of 
hepatomegaly (Fig. 8.5A-C). 

The reported sensitivity and specificity for ultrasound in assess¬ 
ing the presence of fatty liver depends upon the degree of severity 
and is therefore variable at 60-100% and 77-95%, respectively. 17,18 
The lower specificity may well be due to the coexistence of fibrosis 


in a number of the conditions associated with fatty liver. Despite 
its apparent sensitivity, the detection of fatty liver at ultrasound can 
be highly subjective, with only moderate inter-observer agreement 
reported. 19 In acute fatty liver of pregnancy the liver most often 
appears normal on ultrasound. 20 

As well as the greyscale changes, increasing hepatic steatosis can 
cause dampening of the normal hepatic vein spectral Doppler 
triphasic waveform, resulting in a biphasic or monophasic pattern. 
A reduction in the hepatic artery resistive index has also been 
reported. 21 





Fatty liver 


Table 8.1 Conditions associated with fatty liver 

Common 

Rare 

Congenital 

Alcohol 

Pregnancy 

Metabolic 

NAFLD 

Starvation 

disorders: 

Obesity 

Rapid weight loss 

Organic aciduria 

Hyperlipidaemia 

Total parenteral 

Aminoacidopathy 

Hepatitis B and C 

nutrition 



Jejunal-ileal 

Storage diseases: 

Drugs: 

bypass 

Glycogen storage 

Steroids 

Radiation therapy 

disorders 

Chemotherapeutic 


al -Antitrypsin 

agents 


deficiency 

Amiodarone 


Wilson’s disease 

Valproic acid 


Haemochromatosis 



Other: 



Cystic fibrosis 


Table 8.2 Causes of increased liver reflectivity 

Fatty infiltration 

Cirrhosis 

Chronic hepatitis 

Alcoholic hepatitis 

Granulomatous hepatitis 

Miliary tuberculosis 

Recurrent cholangitis 

Periportal fibrosis, e.g. schistosomiasis 

Congestive cardiac failure 


NAFLD, non-alcoholic fatty liver disease. 




Figure 8.4 Temporal changes in fatty infiltration. A: Moderate fatty liver with a focal heterogeneous mass in a patient with high 
alcohol consumption. B: Repeat scan 16 days later shows complete resolution of fatty infiltration revealing a typical haemangioma. 


Focal fatty change 

Although fatty infiltration is usually a diffuse process, it may 
sometimes affect only one lobe, segment or subsegment of the 
liver. In these cases it usually has a fairly characteristic geographic 
pattern, with relatively well-defined, straight or angulated margins 
between areas of differing reflectivity: less frequently an interdigi- 
tating pattern has been described. 14,22,23 When subsegmental, pref¬ 
erred locations for this distribution include the porta hepatis, 
gallbladder fossa and areas adjacent to the falciform ligament 21-23 

(Fig. 8.6A-C). 

Focal fatty infiltration can sometimes be more rounded in appear¬ 
ance and may also be multifocal in distribution, so that on ultra¬ 
sound it can potentially be mistaken for haemangiomas or echogenic 


metastases. 24 Careful ultrasound examination will show that these 
areas lack any mass effect and do not alter the course of regional 
vessels. 21 An interval scan may also reveal a rapid change in size or 
shape of these areas. If there is still concern, contrast-enhanced 
ultrasound should demonstrate iso-enhancement of the focal area 
in comparison to the adjacent normal liver. Liver MRI with in and 
out of phase gradient echo sequencing can also confirm the pres¬ 
ence of focal fat. 11 

Subcapsular fatty infiltration in diabetic patients receiving 
intraperitoneal insulin, and perivascular infiltration (predomi¬ 
nantly affecting the hepatic veins) in high alcohol consumers 
are more unusual patterns that have been described on CT and 
MRI. 11,25 The latter has a rather non-specific distribution on 
ultrasound. 
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Figure 8.5 Differing degrees of diffuse fatty infiltration. A: Mild, with diffuse increased reflectivity, but good vessel visualisation and 
penetration. B: Moderate, with indistinct vessel walls and reduced penetration. C: Severe, with poor vessel visualisation and very limited 
penetration. 


Focal fatty sparing 


Within a diffusely fatty liver there may be focal areas of relatively 
normal liver parenchyma. At ultrasound these appear as low reflec¬ 
tive focal lesions, which can be misinterpreted as discrete hepatic 
masses. The common locations for this appearance are similar to 
those of focal fatty change, namely the gallbladder fossa, periportal 
region and around the falciform ligament, where they typically 
demonstrate a geographic pattern (Fig. 8.7A and B). 11,14,26 Focal 
'nodular like' areas in segment II of the liver have also been 
described (Fig. 8.8A). 

These focal areas of fatty sparing are thought to be due to regional 
reduction in portal vein perfusion, most often as a result of aberrant 
splanchnic veins or divisions of normal (non-portal) veins draining 


directly into the liver. 11 A number of studies have now described 
this phenomenon using colour Doppler, contrast ultrasound and 
CT angiography to demonstrate the aberrant vessels. 27-30 

On the whole the location and contour of fatty sparing is usually 
characteristic enough on ultrasound, to recognise it for what it is. 
However, as with focal fatty infiltration, it can have a more nodular 
appearance so that, on occasion, further assessment is required. 
Contrast ultrasound will show a uniform enhancement pattern 
identical to background liver (Fig. 8.8B) throughout all phases. 31 As 
with focal fatty infiltration, liver MRI with in and out of phase 
gradient echo will confirm the altered fat content. 32 

Areas of focal fatty sparing may also be seen around benign and 
malignant focal liver lesions, including: haemangiomas, focal 
nodular hyperplasia, hepatocellular carcinoma and metastases. In 
these cases compression of adjacent hepatocytes by the focal tumour 












Fatty liver 



Figure 8.6 Patterns of focal fatty change. A: Subsegmental 
pattern involving segments IV and II, with relatively straight edges. 
B: Longitudinal section through segments V and VIII, with a large 
area of focal fatty change showing a lobular border. C: Transverse 
view showing focal infiltration of all segments directly adjacent to 
the IVC. 




Figure 8.7 Patterns of focal fatty sparing. A: Fatty liver, with a typical wedge-shaped area of focal sparing adjacent to the gallbladder. 
B: More extensive area of fatty sparing in segments II and III of the liver, again showing a geographical pattern. 
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Figure 8.8 Patterns of focal fatty sparing. A: Oval shaped area of focal sparing in segment II with moderate background fatty change. 
B: CEUS confirms iso-enhancement of the area with respect to the background liver consistent with focal fatty sparing. 



Figure 8.9 Perilesional focal fatty sparing. A: Mild-moderate fatty liver with focal lesion in left lobe (arrow) showing a peripheral 
low reflective halo (perilesional fatty sparing) suggestive of a metastasis. B: Post contrast the lesion shows early arterial enhancement of 
the central component (arrow), becoming isoechoic with background liver and apparent ‘halo’ during the parenchymal phase: biopsy 
confirmed focal nodular hyperplasia. 


Sonographic features of focal fatty change/sparing 

• No distortion of liver contour 

• No displacement of hepatic vessels 

• Geographic pattern (may be nodular/interdigitating) 

• May demonstrate rapid change 

• Classic location: portal bifurcation, gallbladder fossa, falciform 
ligament 

• Contrast ultrasound: uniform enhancement with background liver 

may account for the change in fat distribution. On ultrasound it can 
produce a misleading appearance, such as a low reflective halo 
surrounding an echogenic haemangioma. 21 Again in these cases, 
contrast ultrasound can help in confirming the underlying benign 
nature of the lesion 28 (Fig. 8.9). 


NAFLD/NASH 


Non-alcoholic fatty liver disease (NAFLD) is an increasingly preva¬ 
lent condition throughout the world's population. It encompasses 
a spectrum of hepatic disorders, arising from hepatocyte accumula¬ 
tion of lipid in the absence of significant alcohol intake, and ranges 
from simple hepatic steatosis, through steatohepatitis (NASH), to 
advanced fibrosis and cirrhosis. 33 There is increasing evidence that 
NAFLD represents the hepatic component of a metabolic syndrome 
characterised by obesity (particularly central obesity), hyperinsuli- 
naemia, peripheral insulin resistance, diabetes, hypertriglyceridae- 
mia and hypertension. 33-35 What exactly triggers the progression of 
simple steatosis on to inflammation and fibrosis remains unclear, 
but there is a close association with insulin resistance. 33 About a 
third of patients who develop NASH will show progressive hepatic 







Cirrhosis 



Figure 8.10 Shear wave display: acquisition display from a 
Fibroscan® showing the generated strain rate image (arrow) from a 
normal liver following a mechanical shear wave. The overlaid line 
indicates the speed of propagation which relates to parenchymal 
stiffness, displayed in kPa (curved arrow). (Courtesy of C. Guiducci, 
Echosens, Paris, France.) 


fibrosis at repeated liver biopsy, with 5-20% of them continuing on 
to established cirrhosis. 36,37 Although there is an observed associa¬ 
tion between NASH and the development of hepatocellular carci¬ 
noma, as yet it remains unclear whether the former is causal. 38 

The role of ultrasound in NAFLD is currently confined to the 
detection and grading of fatty liver. As with CT and MRI, ultra¬ 
sound is unable to distinguish between NAFLD and NASH, which 
remains a biopsy diagnosis. The use of ultrasound contrast agents 
that demonstrate hepatic sinusoidal uptake is currently being 
explored to see if the rate of enhancement in NASH is different from 
other causes of fatty liver. 39 

The longitudinal monitoring of NASH patients for progression 
of fibrosis is currently not feasible with conventional ultrasound, 
but the pulse-echo technology of ultrasound can be used to measure 
the speed of propagation of an elastic shear wave through the liver. 
The shear wave may be produced by a mechanical vibrator that is 
placed against the skin overlying the right lobe of the liver. There 
is a direct relationship between liver stiffness and the measured 
speed of the shear wave 5,40 (Fig. 8.10). An alternative technique 
utilises the ultrasound transducer to generate an acoustic pressure 
wave through the liver, immediately followed by a series of stand¬ 
ard imaging pulses. The RF data from these pulses is then used to 
track tissue displacement which correlates with tissue stiffness. 6 
There is now increasing interest in the employment of these tech¬ 
niques in the follow-up of patients with potential fibrotic chronic 
liver diseases such as NAFLD/NASH. Unfortunately patient 
obesity can cause problems in obtaining reliable measurements 
with the elastic shear wave technique. 35 


FIBROSIS 


Hepatic fibrosis is the common outcome of a number of chronic 
liver disorders, frequently progressing on to frank cirrhosis. 
However, it can often be difficult to distinguish on ultrasound due 
to the coexistence of associated parenchymal processes, such as 
fatty infiltration or chronic inflammatory change (Fig. 8.11). The 
quoted sensitivity of ultrasound for the detection of fibrosis is there¬ 
fore highly variable, with values as low as 35%. 41 _ 

When it is appreciated, fibrosis produces a coarsening of the 
normal parenchymal echo pattern. This can appear as multiple 



Figure 8.11 Fat and fibrosis. Moderate fatty liver with coexistent 
fibrosis, demonstrated by bright focal bright pinpoint echoes 
(arrows). 


bright 'pin-head' echoes that with increasing severity take on a 
more coarse linear type interface. 15 Irregular thickening of the peri¬ 
portal tracts is a well-described feature, which is more striking in 
certain aetiologies. Loss of the gallbladder wall's smooth contour 
has also been described. 42 The use of a high-resolution transducer 
to assess the peripheral liver parenchyma in more detail is often 
very helpful. 43 As already mentioned above, some ultrasound 
systems are now able to measure the mechanical properties of tissue 
thus increasing their diagnostic accuracy for fibrosis. 5 

With progressive hepatic fibrosis, secondary haemodynamic 
changes occur within the liver including portal hypertension: these 
findings are discussed in Chapter 12. 


CIRRHOSIS 


Cirrhosis is the final common (currently believed irreversible) his¬ 
tological outcome for a number of chronic liver diseases. It is 
increasing in incidence and is one of the leading causes of death 
internationally. It is defined as a diffuse process characterised by 
fibrosis and the conversion of normal liver into structurally abnor¬ 
mal nodules, the underlying pathological processes being, cell 
necrosis, fibrosis and regeneration. 44 Cirrhosis is typically classified 
by its morphology, aetiology or a combination of the two as a 
number of causal agents will result in the same morphology and 
likewise a single agent can lead to a variety of morphological out¬ 
comes. Micronodular describes a histological pattern where the 
regenerating nodules are <3 mm in size, with a macronodular 
pattern the majority of nodules are >3 mm, while in a mixed nodular 
pattern the distribution is about equal. 45 

In the West, the most common causes of cirrhosis are alcohol, 
which tends to produce a micronodular pattern of disease, and 
chronic viral hepatitis, namely hepatitis C, which is typically 
macronodular. 46 NAFLD/NASH is now emerging as an important 
aetiology, probably accounting for a large percentage of patients 
previously labelled as having cryptogenic cirrhosis. 34 Other causes 
produce a mixture of morphological patterns and include: 
autoimmune hepatitis, biliary cirrhosis (primary and secondary), 
Wilson's disease, chronic venous congestion, parasitic diseases and 
haemochromatosis 44,45 (Table 8.3). 

The clinical picture can be variable for patients, with approxi¬ 
mately only 60% presenting with symptoms or signs of liver disease: 
lethargy, hepatomegaly, jaundice and ascites. 47 Progressive disease. 
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Figure 8.12 Cirrhotic liver morphology. A: Transverse measurements of caudate (6 cm) and right lobe (9 cm) in a patient with 
established cirrhosis. B: Enlarged caudate lobe in a cirrhotic liver giving a pseudo-mass appearance. 


Table 8.3 Aetiology of cirrhosis 

Alcohol 
Viral hepatitis 
NASH 

Autoimmune hepatitis 
Biliary cirrhosis 
Sclerosing cholangitis 
Hepatic venous congestion 
Schistosomiasis 

Metabolic disorders (e.g. haemochromatosis, Wilson’s disease, 
al -antitrypsin deficiency, galactosaemia) 

Drugs and toxins (e.g. methotrexate, alkaloids) 

Gastric bypass surgery 
Cryptogenic 


however, will result in hepatocellular failure, portal hypertension 
with its associated risks of haemorrhage, and an increased inci¬ 
dence of hepatocellular carcinoma: particularly in cirrhosis with a 
viral aetiology. 48 

Although liver biopsy remains the gold standard for the diagno¬ 
sis of cirrhosis, it has an attached potential morbidity and mortality, 
and is not without false negative results. Therefore there is great 
interest in the ability of cross-sectional imaging in detecting cir¬ 
rhosis, with ultrasound being the most frequently used modality. 
There are a number of described sonographic patterns associated 
with cirrhosis: 

■ Liver morphology. In early cirrhosis the liver may be slightly 
enlarged, but with progressive disease it tends to shrink. 

There can be a differential reduction in size of the right lobe 
with respect to the left and caudate, which both may show 
regenerative hypertrophy. On a transverse ultrasound image, 
just inferior to the portal vein bifurcation, the ratio of the 
width of the caudate lobe to that of the right lobe (C/RL) can 
be measured, with a value >0.65 seen as indicative of cirrhosis 
(Fig. 8.12A and B). Although the C/RL ratio has a quoted 
sensitivity of 43-84% and specificity of 100%, 49,50 it is 
somewhat dependent upon the aetiology of the cirrhosis: 
more likely in post-hepatic and primary biliary cirrhosis. The 
original studies describing this ratio excluded conditions such 


as Budd-Chiari, which would almost certainly upset the high 
specificity. 

Other described comparative measurements are the sagittal 
length of the right lobe in the midclavicular line, divided by 
the left in the midline (<1.3 in cirrhosis), 51 and the width of 
the left main portal vein compared to that of the right. 52 Both 
these ratios reflect relative hypertrophy of the left lobe and 
are again most sensitive in hepatic cirrhosis. It would seem 
however that not all the left lobe hypertrophies in cirrhosis. 
Selective atrophy of segment IV has been described at 
ultrasound and CT and is probably a result of portal venous 
hypoperfusion. 

■ Echotexture. Liver reflectivity is highly variable in cirrhosis 
dependent upon aetiology. Although there is the description 
of a 'bright liver' in fibrosis/cirrhosis, this probably reflects 
the more heterogeneous echo pattern of fibrotic tissue, with 
loss of portal vein wall definition and focal coarse reflective 
foci. 53 Typically there is no attenuation of sound unless there 
is concomitant fatty infiltration, such as in alcoholic liver 
disease. Then it can be difficult to distinguish fibrosis from the 
typically fine background pattern of fatty change. 54 A nodular 
pattern has also been described, predominantly in hepatic 
cirrhosis, with poorly defined low reflectivity nodules 
measuring <6 mm, not necessarily associated with liver 
surface irregularity 55 (Fig. 8.13A-C). 

■ Surface nodularity. In established cirrhosis the combination of 
fibrosis and regenerating nodules produces a surface 
nodularity often detectable using a low-frequency abdominal 
transducer. 56 The presence of ascites will increase the 
detection of this sign, particularly if the pattern is 
micronodular (Fig. 8.14A and B). In the absence of ascites 
high-resolution zoom of one of the hepatic vein contours may 
be helpful, or assessment of the contour of the deeper liver 
surface against the gallbladder wall or right kidney (Fig. 

8.15A and B). The use of modern high-frequency transducers 
has significantly increased the detection of liver contour 
irregularity, although there is a recognised overlap between 
severe fibrosis and established cirrhosis 57,58 (Fig. 8.16). Liver 
surface irregularity has also been described in patients with 
fulminant hepatic failure and multiple liver metastases. 

Regenerating nodules in cirrhosis are localised areas of hepato- 

cyte hyperplasia, most measuring between 2 mm and 2 cm. They 

lack the normal lobular architecture and are surrounded by fibrous 





Cirrhosis 




Figure 8.13 Cirrhotic echotexture. A: Small right lobe of liver 
surrounded by ascites, showing coarse echogenic bands within the 
parenchyma. B: A more nodular parenchymal echotexture (arrows), 
with only mild surface undulation. C: An echogenic nodular pattern, 
again with a relatively smooth liver contour. 



Figure 8.14 Surface nodularity. A: Clearly nodular liver surface 
with surrounding ascites. B: Finer (micronodular) nodular pattern 
causing an interruption to the normal specular reflection from the 
liver capsule interface. 
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Figure 8.15 Surface nodularity. A: In the absence of ascites high-resolution ultrasound of a hepatic vein contour can help demonstrate 
surface nodularity. B: Irregular liver surface demonstrated against the gallbladder wall. 



Figure 8.16 Surface nodularity. High-resolution image of liver 
surface demonstrating irregular contour and a coarsened 
echotexture in the peripheral parenchyma. 


connective tissue. Some nodules contain portal tracts although their 
relationship to any efferent veins is abnormal. 45 Their detection at 
ultrasound is variable as not surprisingly they are often isoechoic 
to background liver texture, but they can appear as low reflective 
nodules, with an echogenic border 56 (Fig. 8.17). Use of a high- 



Figure 8.17 Regenerating nodules. Cirrhotic liver with distinct 
low reflective regenerating nodules (arrows), most showing a fine 
reflective (fibrotic) halo. 


frequency transducer may improve their detection, particularly 
when surveying the liver surface as described above. Occasionally 
regenerating nodules can be much larger (5-15 cm) and have a 
heterogeneous echotexture, making distinction from hepatocellular 
carcinoma (HCC) difficult. 59 They may also appear as multiple 
echogenic masses mimicking metastatic liver disease. 60 Contrast- 
enhanced ultrasound can be helpful in these situations as regenerat¬ 
ing nodules enhance in an identical fashion to the background 
parenchyma, as opposed to the recognised malignant enhancement 
patterns. 61 Liver MR combined with liver-specific contrast agents is 
also increasingly being used to characterise liver nodules in 
cirrhosis. 62 






Cirrhosis 


Dysplastic nodules tend to be larger than regenerative nodules 
and are considered premalignant, the hepatocytes showing histo¬ 
logical features of atypical growth. With increasing dysplasia ang¬ 
iogenic pathways are activated leading to the development of a 
predominantly arterial supply. 45,63 On contrast-enhanced ultra¬ 
sound (CEUS) low-grade dysplastic nodules tend to have an identi¬ 
cal enhancement pattern to that of regenerating nodules; however, 
increasingly high-grade dysplastic nodules will begin to show arte¬ 
rial phase enhancement 64 (Fig. 8.18). 


Sonographic features of cirrhosis 

• Relative enlargement of left lobe and caudate 

• Coarse echotexture 

• Surface irregularity 

• Focal nodules (hypo/hyperechoic) 

• Splenomegaly, ascites and visceral congestion 

• Damped hepatic vein spectral traces. 

• Reduced liver transit times with CEUS 

• Increased tissue stiffness on sonoelastography 



Figure 8.18 Dysplastic nodule. CEUS with simultaneous 
greyscale image showing avid arterial enhancement in a discrete 
nodule in a patient under surveillance for cirrhosis. Lack of 
subsequent washout on this study and subsequent MRI suggests 
dysplastic nodule as most likely diagnosis. 


Other greyscale findings in cirrhosis reflect the altered haemody¬ 
namics associated with portal hypertension, including splenomeg¬ 
aly, enlarged venous collaterals and intrahepatic arterial branches, 
gallbladder and stomach wall thickening and the presence of ascites 
(Fig. 8.19 A and B). All of these are covered in more detail in Chapter 
12. The altered haemodynamics seen in cirrhosis can also be 
demonstrated using functional imaging methods with ultrasound 
contrast agents. There is a significant reduction in the transit 
time of these intravascular agents through the liver in cirrhosis, 
which can be detected using either spectral Doppler or contrast 
harmonic imaging. 1,2,65 The details of this technique are described 
in Chapter 10. 

Biliary cirrhosis 


Primary biliary cirrhosis (PBC) is a slowly progressive autoimmune 
disease of the liver that primarily affects women in the fifth decade 
of life. Histopathologically there is periportal inflammation with 
immune-mediated destruction of the intrahepatic bile ducts, leading 
to accumulation of toxic substances and further hepatic damage 
with fibrosis and finally cirrhosis. 66 Serologically anti-mitochondrial 
antibodies are present in the majority of patients. 66 

In early stages the liver is usually normal or slightly enlarged, 
with no textural changes: a pattern of periportal low reflectivity has 
been described; however, this is a non-specific finding. 67 With pro¬ 
gressive disease the liver tends to appears nodular, and shows 
coarse thickening of the periportal tracts (Fig. 8.20A). The coexist¬ 
ence of gallstones is a common finding and a significant number of 
patients will have enlarged periportal, gastro-he patic ligament or 
upper retroperitoneal lymph nodes (Fig. 8.20B). Enlarged perihe¬ 
patic lymph nodes are also a common described finding in hepatitis 
C and autoimmune hepatitis. 68,69 

Secondary biliary cirrhosis is a result of longstanding biliary 
obstruction, often with only minor visible bile duct dilatation. 
Underlying conditions include sclerosing cholangitis, choledochal 
cyst, bile duct strictures or atresias. The subsequent cirrhotic 
changes have no particular features. 

Screening in cirrhosis 


Ultrasound is currently used alongside serum a-fetoprotein (AFP) 
in surveillance programmes (six-monthly or annual) for the early 
detection of HCC in patients with cirrhosis. 70 The risk of developing 



Figure 8.19 Associated findings in cirrhosis. A: Enlarged segmental hepatic artery due to portal hypertension, which may be mistaken 
for intrahepatic bile duct dilatation. B: Congestive cholecystopathy in cirrhotic portal hypertension causing moderate gallbladder wall 
oedema. 
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Figure 8.20 Primary biliary cirrhosis. A: High-resolution scan through the left lobe showing marked periportal echogenic thickening. 
B: Longitudinal scan showing enlarged lymph nodes in the hepatoduodenal ligament in a patient with PBC. 


HCC in cirrhosis is very much dependent upon its aetiology, with 
a higher percentage in hepatitis B and C and a very low incidence 
in primary biliary cirrhosis. At present observational data suggests 
that the combination of ultrasound and AFP results in the detection 
of HCC at an earlier stage in these patients, and hence it is more 
likely to be treatable. Although there are some studies confirming 
the possibility of curative treatment, there is currently a lack of 
suitably large randomised controlled trials demonstrating a true 
survival benefit from this practice. 71,72 


GLYCOGEN STORAGE DISEASES (GSDS) 

The glycogen storage diseases are a heterogeneous group of inher¬ 
ited disorders of glycogen metabolism, typed 0-XIII, which pre¬ 
dominantly affect either the liver or skeletal muscle. 73 

The hepatic GSDs (I, III, VI and IX) are characterised by excessive 
storage of glycogen within the hepatocytes and in type I (von 
Gierke's disease) the proximal convoluted tubules of the kidneys. 
They have a variable clinical picture, most commonly hepatomeg¬ 
aly, growth retardation and fasting hypoglycaemia. 74 Dietary 
therapy has greatly improved the prognosis in some of the GSDs 
although there are recognised long-term complications. 73 

Liver ultrasound in the hepatic GSDs shows variable degrees of 
increased reflectivity, indistinguishable from diffuse fatty liver. 
GSD-I tends to show the most severe changes and is associated with 
the development of hepatic adenomas (GSD-III to a lesser extent). 74 
These typically appear as uniformly reflective masses, which are 
often multiple, but they may look hypoechoic due to the increased 
background parenchymal reflectivity. 75 They sometimes contain 
foci of reduced reflectivity indicating areas of necrosis or haemor¬ 
rhage. Malignant transformation can occur in the absence of cir¬ 
rhosis and on ultrasound may be indicated by rapid growth and 
loss of lesion definition. 75 


NODULAR REGENERATIVE 
HYPERPLASIA (NRH) 


Nodular regenerative hyperplasia is a relatively rare diffuse liver 
condition characterised by hyperplastic nodules containing normal 
hepatocytes, including portal radicals. 76 The lack of any significant 
surrounding fibrosis distinguishes this condition from cirrhosis and 
it is frequently asymptomatic; however, it can lead to non-cirrhotic 
portal hypertension. 77 The pathophysiology of NRH is not clearly 
understood, but is thought to be a regenerative response to a micro- 
vascular occlusive process and is associated with a number of rheu- 
matological and haematological conditions, and also certain drugs. 77 

Liver ultrasound in NRH has a variable appearance and may be 
normal. Multiple small low reflective nodules suggestive of cirrho¬ 
sis are a recognised finding, but occasionally more coalescing 
nodules can mimic a primary liver tumour or metastases with low 
reflective haloes due to sinusoidal ectasia. 76,78 A more unusual ultra¬ 
sound finding is that of diffuse low reflective periportal cuffing (Fig. 
8.21), which although described, 78 is a non-specific pattern and has 
a recognised differential (Table 8.4). 


CONGENITAL GENERALISED 
LIPODYSTROPHY (CGL) 


Berardinelli-Seip syndrome is a rare metabolic syndrome charac¬ 
terised by the near total lack of adipose tissue from birth. Patients 
with CGL have severe insulin resistance, hypertriglyceridaemia 
and marked fat deposition in the liver and skeletal muscle. Liver 
ultrasound shows an enlarged echogenic liver typical of fatty infil¬ 
tration: of note the image quality tends to be excellent, due to the 
lack of surrounding adipose tissue. 79 









Cystic fibrosis 



Figure 8.21 Nodular regenerative hyperplasia. Heterogeneous 
liver echotexture in a patient with unexplained portal hypertension. 
There is nodular low reflective ‘cuffing’ surrounding the portal 
vessels (arrowheads). Biopsy confirmed NRH. 


Table 8.4 Causes of low reflectivity periportal cuffing 

Malignant portal lymphadenopathy 
Sclerosing cholangitis 
Pre-cirrhotic primary biliary cirrhosis 
Nodular regenerative hyperplasia 


AMYLOID 


Primary systemic amyloidosis is a rare disorder characterised by 
the deposition of amyloid protein within the vascular walls of 
various organs ultimately resulting in their failure. It commonly 
involves the liver although this is often subclinical. Deposits of the 
amyloid protein occur along the hepatic sinusoids and if extensive 
will compress the adjacent hepatocytes causing them to atrophy. 80 
There are only limited reports of liver ultrasound in amyloid 
showing a non-specific heterogeneous reflectivity throughout the 
liver. 80 It may, however, have a role in guiding diagnostic liver 
biopsy. 81 


HAEMOCHROMATOSIS 


Haemochromatosis is characterised by the progressive increase in 
total body iron stores resulting in abnormal iron deposition in a 
number of organs. It is either a primary autosomal recessive genetic 
disorder or secondary to other causes of increased body iron, most 
commonly haemolytic anaemias. In the primary disorder the liver 
is the main organ of iron deposition which leads to periportal fibro¬ 
sis and eventually cirrhosis, with a significantly high risk of devel¬ 
oping hepatocellular carcinoma. Liver ultrasound will show the 
features of fibrosis and cirrhosis if this is present, but the increased 
parenchymal iron does not affect the liver reflectivity. 82 The diag¬ 
nostic imaging test of choice is liver MRI where the paramagnetic 
effect of the increased iron content causes a marked reduction in 
liver signal on T2-weighted gradient echo sequences. 82 



Figure 8.22 Cystic fibrosis. Right lobe of liver in CF. There is 
patchy altered reflectivity consistent with differential fatty infiltration, 
periportal thickening and a lobular contour to the liver. (Courtesy of 
Dr H. Massouh, Frimley Park Hospital, Surrey, UK.) 


WILSON’S DISEASE 


Wilson's disease is a rare autosomal recessive inherited disorder of 
copper metabolism, characterised by the accumulation of copper 
within hepatocytes and extrahepatic organs including the brain and 
cornea. Depending upon the severity of the disease at diagnosis 
liver ultrasound will show: an echogenic fatty liver, fibrotic peri¬ 
portal thickening or frank nodular cirrhotic change. 

In cirrhosis secondary to Wilson's disease the ratio of the right 
lobe to caudate is often normal. 83 The nodular parenchymal pattern 
can be a mixture of high and low reflective nodules, resembling 
metastatic 84 disease, and an increased thickness in the perihepatic 
fat layer has also been described. 85 While none of these features 
are pathognomonic for Wilson's disease, the combination of these 
findings in a young patient with cirrhosis should suggest it as a 
possible cause. 


CYSTIC FIBROSIS 


Cystic fibrosis (CF) is the most common genetically inherited dis¬ 
order affecting exocrine gland function. Within the liver, the failure 
of normal transmembrane conductance within the biliary epithe¬ 
lium is thought to cause delayed excretion of bile salts, resulting in 
damage of the biliary tree. Subsequent hepatocyte injury leads to 
the formation of regenerating nodules, and finally diffuse cirrhosis 
with portal hypertension. 86 

The improved survival in CF patients has resulted in an increased 
incidence of liver disease, although the exact percentage is unclear, 
with estimates of 1.4-72%: the incidence increasing with age. Clini¬ 
cal diagnosis can be difficult, with liver function tests tricky to 
interpret. The patchy nature of the disease can also result in false 
negative liver biopsy. 86,87 

A variety of appearances can be seen on ultrasound with diffuse 
increased reflectivity representing fatty infiltration the most 
common. The fat accumulation can have a regional distribution, 
producing a more geographic pattern of increased reflectivity (Fig. 
8.22). With the onset of focal biliary cirrhosis there is increased 
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periportal tract reflectivity and thickening, with a generalised coars¬ 
ening of the parenchymal texture. 86-89 Surface irregularity, with 
regenerating nodules 2-3 cm in size, is seen in diffuse cirrhosis 
along with atrophy of the right lobe and possibly signs of portal 
hypertension. The coexistence of a micro-gallbladder in CF patients 
is a well-described feature. 89 
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Liver: infections and inflammations 



James M. Pilcher 


HEPATITIS 120 
Acute hepatitis 120 

Viral 120 
Alcoholic 121 

Chronic hepatitis 122 

LIVER ABSCESS 124 
Bacterial 124 
Brucellar abscess 126 
Amoebic abscess 126 

FUNGAL INFECTION 127 
Candidiasis 127 

SCHISTOSOMIASIS 128 

TOXOCARIASIS 129 

ECHINOCOCCAL INFECTION 129 
Echinococcal cyst (hydatid disease) 129 
Hepatic alveolar echinococcosis 130 

ACUTE FASCIOLIASIS 131 

INFLAMMATORY PSEUDO-TUMOUR 131 

HIV/AIDS 131 
Pneumocystis carinii 132 
Mycobacterium avium complex 132 
Cytomegalovirus 132 

GRANULOMATOUS HEPATITIS 132 
Sarcoid 132 
Tuberculosis 132 

CHRONIC GRANULOMATOUS DISEASE 133 
CAT SCRATCH FEVER 133 
HYPEREOSINOPHILIC SYNDROME 134 
HEPATIC CALCIFICATION 134 


Ultrasound plays a pivotal role in the management of hepatic infec¬ 
tions and inflammatory processes, often being the first imaging 
investigation for patients with pyrexia of unknown aetiology 
However, although it is relatively sensitive in the detection of a 
large number of these conditions, it often lacks specificity, particu¬ 
larly in necrotic infections which can mimic a hepatic cyst or 
necrotic tumour. In these cases computed tomography (CT) or mag¬ 
netic resonance imaging (MRI) has often been employed to obtain 
further information: the increasing use of microbubble contrast 
agents in ultrasound may see these modalities being required less 
frequently As with diffuse parenchymal disease, some of the 
changes in the inflamed/infected liver are either subtle or have a 
fine pattern; therefore high-frequency curvilinear or linear arrays 
need to be employed when making an assessment of the liver. 
Access to the relevant clinical details such as age, sex, presenting 
history, symptoms and immune status is also key to achieving a 
more accurate presumptive diagnosis. In a number of conditions, 


despite cross-sectional imaging, aspiration or biopsy is still required 
to obtain the final diagnosis, and ultrasound is the ideal modality 
to guide this process. It may also be employed in the subsequent 
management, such as the insertion of a drainage catheter. 


HEPATITIS 


Hepatitis is any inflammatory process affecting the liver leading to 
hepatocyte injury. This may be an acute, self-limiting event or 
chronically progressive leading to scarring and ultimately cirrhosis, 
with the associated risk of hepatocellular carcinoma. 


Acute hepatitis 


Viral 

The most common cause of an acute hepatitis is viral, usually by 
one of the distinct group of six hepatitis viruses A-E and G (Table 
9.1). A number of other viral infections may also cause a hepatitis 
(Table 9.2), although it tends not to be a dominant feature of their 
presentation. 1 With acute hepatitis the clinical picture can vary from 
a mild self-limiting condition, as seen in the majority of hepatitis A 
cases, through to fulminant hepatic failure with deep jaundice, 
encephalopathy and deranged clotting, requiring urgent liver trans¬ 
plant. Pathologically there is diffuse hepatocellular injury with 
necrosis of hepatocytes, proliferation of Kuppfer cells and portal 
inflammatory infiltrate. Hepatocyte regeneration is seen in the 
recovery phase, but in more severe cases confluent necrosis is seen 
to extend between the portal tracts and central veins. 2 On the whole, 
patients are relatively asymptomatic, but may present with malaise, 
mild fever, right upper quadrant pain and after a few days become 
jaundiced. Liver function tests are elevated, particularly the ami¬ 
notransferases, and the diagnosis can be confirmed with serological 
markers (HAV-IgM, HBsAg and HEV-IgM). 

Although the main role of ultrasound is to exclude a surgical 
cause of obstructive jaundice, the diagnosis of viral hepatitis can be 
suggested by the finding of an enlarged liver showing a diffuse 
reduction in parenchymal reflectivity and a relative increase in 
reflectivity of the portal triads 3 (Fig. 9.1). The latter finding is 
thought to be due to hydropic swelling of the surrounding hepato¬ 
cytes and is referred to as the 'starry-sky' appearance; however, it 
is rather non-specific and has been described in a number of other 
circumstances (Fig. 9.2), including normal individuals. 4 Echogenic 
periportal thickening is a more marked type of inflammatory 
change that has also been described. 3 Gallbladder wall thickening 
is a very common reported finding in viral hepatitis 4,5 and may be 
striking with pericholecystic oedema: this is sometimes associated 
with reduced luminal volume and echogenic sludge (Fig. 9.3). 
Endoscopic ultrasound has demonstrated that it is the muscular 
and serosal layers that are mainly affected, with the degree of 







Hepatitis 


Table 9.1 

The hepatitis viruses 



Virus 

Transmission 

Chronicity 

Diagnostic 

serology 

Specific features 

HAV 

Faecal-Oral 

No 

HAV-IgM 

Younger patients affected. Mortality rate 0.1%, usually 
fulminant hepatitis 

HBV 

Percutaneous/ 

Venereal 

Yes 

Majority vertical 
infection 

HBsAg 

HBsAg may be seen in acute of chronic infection. HBeAg 
detected with active viral replication, i.e. highly infective 

HCV 

Percutaneous 

Yes (75%) 

Anti-HCV 

Majority of acute cases clinically mild. Histology unable to 
distinguish progressive disease 

HDV 

Percutaneous 

Yes 

Majority 

superinfection 

Anti-HDV 

Requires the presence of HBsAg for its expression. Either 
simultaneous co-infection of subsequent superinfection 

HEV 

Faecal Oral 

No 

Anti-HEV 

Leading cause of infective hepatitis in a number of 
developing countries. High mortality in pregnancy 

HGV 

Percutaneous 

Yes (mild) 

Research tool 

Association with hepatocellular carcinoma remains unclear 


HBsAg, hepatitis B surface antigen. 


Table 9.2 Causes of acute hepatitis 

Viral: Hepatitis A-E and G 

Drugs: Paracetamol 

Herpes Simplex 

Isoniazid 

Cytomegalovirus 

Statins 

Epstein-Barr 

Methotrexate 

Adenoviruses 

Ischaemia 

Coxsackie 

Metabolic: Wilson’s disease 

Alcohol 

Pregnancy 

Toxins 

Autoimmune: Systemic lupus 


erythematosus 



Figure 9.1 Hepatitic liver. Adult male with recent history of 
influenza-like illness and right upper quadrant pain now presenting 
with jaundice. The liver shows apparent reduction in parenchymal 
reflectivity and increased periportal reflectivity. 

thickening relating to the level of enzyme elevation. 6 However, the 
pathogenesis for this thickening remains uncertain. Portal lym- 
phadenopathy is another finding typically seen with hepatitis C 
infection, but also hepatitis A and non-viral causes of hepatitis 
(Fig. 9.4). 


Differential diagnosis for ‘starry-sky’ 

appearance 

Diagnosis 

Supportive findings at 
ultrasound 

Acute viral hepatitis 

Gallbladder wall thickening 
Regional lymphadenopathy 

Infectious mononucleosis 

Splenomegaly 

Mesenteric lymphadenopathy 

Toxic shock syndrome 

Congestive cardiac failure 

Hepatic vein enlargement 

Altered hepatic vein Dopplers 
Ascites 

Periportal fibrosis 

Heterogeneous hepatic 
parenchyma 

Regional lymphadenopathy 

Cholangitis 

Thickened common bile duct 

Radiation injury 

Regional pattern of change 

Inflammatory bowel diseases 

Bowel wall thickening 
Hyperaemia on power Doppler 

Schistosomiasis (mansoni) 

Burkitt’s lymphoma 

Normals 



Alcoholic 

Acute alcoholic hepatitis is a defined clinicopathological condition 
of varying severity, which can present both in long-term alcohol 
abusers and in moderate drinkers following a short-term alcohol 
binge. 7 At histology there is neutrophilic infiltration with centri- 
lobular ballooning and necrosis of hepatocytes with Mallory hyaline 
inclusions: fatty infiltration and cirrhosis may also be seen in more 
chronic cases. 

The clinical features are fever, right upper quadrant pain and 
jaundice, with a neutrophilia, hyperbilirubinaemia, elevated aspar¬ 
tate aminotransferase and prothrombin time. In its most severe 
form the mortality rate can approach 50%. 8 At ultrasound the liver 
is often enlarged, with diffuse increased reflectivity as a result of 
fatty infiltration or fibrosis 8 (Fig. 9.5). A described ultrasound 
feature in acute alcoholic hepatitis is the 'pseudo-parallel' channel 
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Figure 9.2 Differential for ‘starry sky’ pattern in the liver. 

Male patient with hepatic venous congestion secondary to Fi 9 ure 94 Regional lymphadenopathy in hepatitis C. Pre-liver 

cardiomyopathy. There is increased periportal reflectivity and bi °P s y ultrasound in a patient with known hepatitis C showing 

enlarged hepatic veins. enlarged periportal lymph nodes (arrows). 



Figure 9.3 Gallbladder wall changes in hepatitis. Male patient 
with confirmed acute hepatitis A showing a non-distended, striated 
thick-walled gallbladder. (Courtesy of Dr E. Rutherford.) 


sign representing a dilated hepatic artery adjacent to a portal 
venous branch. 9 Peak systolic velocity measurements in the right 
hepatic artery are also elevated compared to normal subjects. 10 Both 
findings are thought to reflect increased arterial flow to the liver to 
compensate reduced portal venous flow as a result of rising sinu¬ 
soidal resistance. 

Chronic hepatitis 


Chronic hepatitis (CH) is defined as continued disease activity 
beyond 6 months, detectable by persistent elevation of liver 
enzymes, and has a number of aetiologies: most commonly viral 


Figure 9.5 Alcoholic hepatitis patient with right upper quadrant 
pain and abnormal liver function tests following heavy alcohol 
intake, showing enlarged fatty liver with underlying early fibrosis 
(arrows). 


(hepatitis B, C, D and G), but also metabolic (Wilson's disease, 
alpha-l-antitrypsin deficiency, and haemochromatosis), autoim¬ 
mune and drugs. Histologically there is infiltration of the portal 
tracts by predominantly mononuclear cells, which when confined 
to the portal triads is defined as mild. In moderate CH there is 
increasing extension of inflammatory infiltrate into the adjacent 
parenchyma and it becomes severe when there is confluent necrosis 
between portal triads and/or the central veins, the latter being 
much more likely to progress to cirrhosis. 11 

The main role of ultrasound in patients with CH is in monitoring 
for evidence of developing cirrhosis, portal hypertension and hepa¬ 
tocellular carcinoma. There are no diagnostic ultrasound features 
for CH and the liver often appears normal, with adenopathy in the 
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hepatoduodenal ligament sometimes the only finding. The liver can 
also appear enlarged with diffuse increased reflectivity and loss of 
portal vein wall definition, identical to fatty infiltration. With pro¬ 
gression of CH the liver may appear more heterogeneous in texture 
due to increasing fibrosis and eventually cirrhosis, with regenerat¬ 
ing nodules (Fig. 9.6). In patients with hepatitis C, ultrasound has 
been used to try and stage its severity, both through the detection 
of focal fatty sparing at the portal bifurcation and by measuring the 
hepatic vein arrival time of intravenous microbubble contrast 
agents. 12,13 


Causes of multiple low reflective hepatic nodules 

• Metastases 

• Lymphoma 

• Cirrhosis 

• Nodular regenerative hyperplasia 

• Fungal infection 

• Granulomatous hepatitis 

• Hypereosinophilic syndrome 



Figure 9.6 Chronic hepatitis. Surveillance ultrasound in a female 
patient with chronic hepatitis B. The liver parenchyma shows 
multiple fine echogenic linear foci, with mild irregular thickening of 
the portal tracts, indicative of developing fibrosis. 





Figure 9.7 Variable appearance of pyogenic liver abscess. 

Liver abscesses may appear predominantly cystic (A); solid: 
mimicking a focal mass lesion (B); or in some cases multifocal, 
mimicking metastases (C). 









CHAPTER 9 • Liver: infections and inflammations 


LIVER ABSCESS 


Necrotic infection within the liver can be caused by a number of 
bacterial, fungal and parasitic organisms. Ultrasound plays an 
important role in the diagnosis, management and follow-up of 
these infections, although frequently the appearances can be non¬ 
specific or frankly misleading. Access to epidemiological and clini¬ 
cal information, including the patient's immune status, is therefore 
vital in order to enable a more accurate presumptive diagnosis. 

Bacterial 


The aetiology of pyogenic liver abscess formation from bacterial 
spread to the liver has changed significantly in the past twenty 
years. Currently the most common source of infection is direct 
extension from the biliary tract in patients with suppurative cholan¬ 
gitis or cholecystitis. 14 Direct extension may also sometimes come 
from the lung, kidney or colon. Other sources include: portal 
venous spread from appendicitis, diverticulitis or other inflamma¬ 
tory bowel disease; hepatic artery spread from distant infection 
such as subacute bacterial endocarditis or osteomyelitis; and pen¬ 
etrating injury from trauma, surgical intervention and more recently 
minimally invasive ablative techniques. 15 

Escherichia coli has traditionally been the most common organism 
isolated from pyogenic liver abscesses, with Staphylococcus aureus , 
Streptococcus milleri and the anaerobes Clostridia and Bacteroides also 
being found: the latter two are likely to have been significantly 
under-reported in the past due to inadequate culture techniques. 16 
Recent case reviews, however, have identified Klebsiella pneumoniae 
as an increasingly important pathogen, particularly amongst Asians 
and people with diabetes. 17-19 The clinical presentation for all these 
infections is variable, and can be non-specific, such as fever, malaise 
and anorexia. More specific features include right upper quadrant 
pain, pleuritic pain, vomiting and jaundice. At laboratory analysis, 
most patients will have a leukocytosis and marked elevation of the 
alkaline phophatase. 17 In patients with a K. pneumoniae liver abscess, 
bacteraemia is extremely common with end-organ seeding and 
distant abscess formation well reported. 19,20 

The main treatment approach for a pyogenic liver abscess is 
systemic antibiotics and percutaneous drainage/aspiration (see 
below); however, despite this approach mortality rates can still 
reach 6-14%. 21 

On ultrasound pyogenic liver abscesses are highly variable in 
appearance and can range from resembling a simple cyst to a solid 
echogenic mass, or multiple low reflective nodules suggestive of 
metastatic disease (Fig. 9.7A-C). Appearances are closely related to 
the pathological process, with early suppuration prior to hepato- 
cyte necrosis appearing as a solid mass with altered, usually 
reduced, reflectivity and frequently demonstrating distal acoustic 
accentuation. 22 With necrosis and liquefaction abscesses become 
increasingly heterogeneous in reflectivity and eventually demon¬ 
strate central cystic change, which may contain septations or echo¬ 
genic debris. With gas-forming organisms, the abscess may contain 
highly reflective foci demonstrating reverberation artefact, and if 
more extensive, strong linear echoes with acoustic shadowing (Fig. 
9.8). The fibrous walls of the abscess can vary in appearance from 
irregular and indistinct to well defined and, less frequently, irregu¬ 
lar and thick. 23 In patients with Klebsiella pneumoniae infection 
abscesses tend to have a predominantly solid appearance, with lack 
of through-transmission of sound, 24 while with Staphylococcus 
aureus infection a pattern of multiple micro-abscesses (<2 cm) mim¬ 
icking fungal infection has been described. 25 

The sensitivity of ultrasound for liver abscess detection is up to 
97%. 26 However, there is a differential for the varied appearance 
including a haemorrhagic simple cyst, focal haematoma or malig¬ 
nant tumour. Contrast-enhanced ultrasound (CEUS), may help 
make the distinction, with the most common enhancement pattern 
for a confirmed abscess showing early peripheral parenchymal 



Figure 9.8 Liver abscess containing gas. Focal liver abscess 
with cystic and solid components. There are several strongly 
echogenic linear areas, some with acoustic shadowing, 
representing air within the abscess. 


enhancement, followed by arterial rim enhancement and septations 
(if present) (Fig. 9.9A-C). There tends to be lesion washout in the 
portal venous phase or late phase of imaging. 12 

The traditional management approach of surgical drainage for 
pyogenic liver abscess has long been superseded by percutaneous 
aspiration or drainage under image guidance combined with 
parenteral broad-spectrum antibiotics. 21,27-31 Ultrasound is fre¬ 
quently employed to guide needle placement within the abscess 
and the majority of reported series have used a freehand approach 
in order to allow adjustment to its trajectory. For percutaneous 
aspiration a 22-18-gauge trocar needle is used depending upon the 
size of the liver abscess (Fig. 9.10). 28 If there are multiple abscesses, 
the deepest one is targeted first to avoid overlying artefact from gas 
bubbles. Repeated aspirations may be required if the patient has 
persistent fever, leukocytosis or the abscess cavity remains signifi¬ 
cant on ultrasound follow-up: this appears to be unrelated to the 
initial size of the abscess. 28,29 Percutaneous drainage is performed 
either as a single-stick procedure, 30 or using the Seldinger tech¬ 
nique, 31 with an 8-10F pigtail catheter being introduced into the 
abscess (Fig. 9.11). This is fixed to the skin and left on free drainage 
until the patient shows clinical improvement or there is a fall in 
catheter output to <10 mL/24 h. 31 Both procedures appear to be 
tolerated well by the patient, although there is a recognised risk of 
post-procedure sepsis following catheter drainage. 32 There is a con¬ 
tinuing debate amongst centres as to whether aspiration or drain¬ 
age should be the first-line approach to liver abscess management. 
It has been suggested that for abscesses less than 5 cm in size, 
aspiration is a reasonable first-line approach, with drainage 
reserved for larger abscesses or complex loculated abscesses. With 
regard to aspiration, abscesses secondary to Klebsiella pneumoniae 
infection appear to aspirate poorly compared to other pyogenic 
abscesses, with only a couple of millilitres of pus being obtained in 

24 

many cases. 






Liver abscess 




Figure 9.9 Ultrasound contrast study of liver abscess. 

A: Focal abscess appearing as a heterogeneous, but relatively 
well-defined mass in the right lobe of the liver, with normal 
reflectivity in the adjacent parenchyma. B: Arterial phase post 
microbubble contrast shows enhancement of septations within the 
lesion and some increased enhancement of surrounding liver 
parenchyma. C: Parenchymal enhancement phase shows a relative 
washout of the abscess compared to surrounding liver. 



J 


|| , ! 1| Figure 9.11 Drainage catheter seen in liver abscess. Following 

successful placement the tubing from an 8F pigtail drain is clearly 

Figure 9.10 Needle aspiration of liver abscess. Diagnostic visualised within the abscess (arrow): the smaller reflective foci 

aspiration of pseudo-solid liver abscess, with the needle tip from a anterior to this represent air that has been introduced during the 
20G spinal needle clearly seen on ultrasound. procedure. 
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Figure 9.12 Follow-up of liver abscess to 
resolution. A: Large right lobe liver abscess 
with mixed reflectivity, which was treated with 
antibiotics alone. B: Repeat scan at one 
month shows a smaller, more homogeneous 
low reflective collection. C: At 10 months 
there is a very small residual cyst-like focus. 



Ultrasound follow-up of treated pyogenic abscesses shows a 
resolution time that lags significantly behind the clinical findings. 
The majority will resolve to sonographically normal parenchyma 
(Fig. 9.12A-C), but a few will continue to show a persisting cystic 
cavity, even at 2 years, or focal areas of calcification. 33 

Brucellar abscess 


Brucellosis is a worldwide zoonosis, which is endemic in parts of 
the Mediterranean, India, Mexico and Central America. Infection 
can involve any organ of the body and in the liver this usually 
manifests as a granulomatous hepatitis. 34 A brucellar abscess is far 
less common (0.2-1.6%). On ultrasound these appear as low reflec¬ 
tive hepatic masses, with central areas of liquefaction and one or 
more areas of focal calcification (65% of reported cases). 35 A recent 
report describes its appearance on CEUS as a thick enhancing rim 
of inflammatory tissue surrounding a non-enhancing central area 
with subsequent washout. 35 These findings, however, are not totally 
specific and need to be combined with positive serology or blood 
cultures. 

Amoebic abscess 


Liver abscess is the commonest extraintestinal manifestation (1- 
25%) of infection by the protozoan parasite Entamoeba histolytica 36 
and outside the Western world is far more common than bacterial 
sources of focal liver infection. Transmission is by the faecal-oral 
route, with ingestion of the cysts through contaminated food or 
water. These excystate in the small bowel to release the trophozoites 
that adhere to - and sometimes invade - the colonic mucosa. 37 
Amoebic colitis may then develop, although infection can often be 
asymptomatic. 37 Invasion of the colonic mucosa into the mesenteric 
venules allows the amoebae to reach the liver via the portal vein, 
where they lodge in the peripheral capillaries leading to hepatocyte 


necrosis, with little leukocytic response or fibrotic reaction. 38 
Abscess formation is most commonly seen in the posterior right 
hepatic lobe, typically measuring 4-10 cm in size although in 20- 
25% of cases they can be small and multiple. 38 For some unknown 
reason males are affected four times more frequently than females. 39 

Patients present with fever and right upper quadrant pain, but 
frequently lack any associated gastrointestinal symptoms (65- 
90%). 37 There is often a leukocytosis and serology for anti-amoebic 
antibodies will be positive in 70-80% in the acute phase, increasing 
to over 90% after a week and remaining positive long term in about 
10% 37 More recently introduced highly specific diagnostic tests 
involve the detection of protein antigens in serum or faeces using 
monoclonal antibodies. 40 

At ultrasound the typical described features of an amoebic 
abscess are 36 ' 38 ' 39 ' 41 : 

■ an absence of significant wall echoes 

■ oval or round shape 

■ reduced reflectivity to background liver with fine internal 
echoes 

■ mild distal acoustic enhancement that increases with 
treatment 

■ subcapsular location. 

All of these features may also be seen in pyogenic abscesses, 
however, and there is significant overlap. A blinded comparison 
between these two types of liver abscess found that a rounded 
shape and low reflectivity with fine internal echoes were features 
more prevalent in an amoebic abscess, yet this was not sufficient to 
make a distinction between the two (Fig. 9.13). 39 Ultrasound find¬ 
ings need to be combined with relevant clinical history and sero¬ 
logical testing to reach the correct diagnosis. In about 5% of cases 
amoebic abscesses will be echogenic in appearance and can be 
mistaken for solid masses. 38 Other less typical findings are: thick 
echogenic walls which tend to resolve with treatment, mural 
nodules and septations. 36 " 39 ' 41 ' 42 








Fungal infection 





Figure 9.13 Amoebic liver abscesses. A: Confirmed amoebic 
abscess appearing as a solid, relatively uniform peripheral mass, 
with through-transmission of sound. B: More typical reflectivity of 
amoebic abscess despite irregular contour. C: Low-level echo 
collection with a well-rounded contour. 


Following diagnosis and the commencement of appropriate anti¬ 
biotic therapy, namely metronidazole, patient symptoms usually 
resolve rapidly over 48 hours, with the liver abscess tending to 
become more sonolucent and reducing in size. 38 For uncomplicated 
amoebic liver abscess there is no convincing evidence to support 
percutaneous aspiration or drainage over standard medical treat¬ 
ment. 43 There are, however, a limited number of indications for 
percutaneous drainage, namely: continuing diagnostic uncertainty, 
lack of response to drug therapy, a left lobe abscess close to the 
pericardium, or pregnancy. 42 Potential complications include 
rupture of the abscess into the pleural cavity, pericardium or peri¬ 
toneal cavity or compression of the inferior vena cava. 

With successful treatment the majority of abscesses disappear 
sonographically within 5-23 weeks. In a number of cases resolution 
of the abscess cavity may take over a year and in a minority of 
patients a residual focus resembling a hepatic cyst may persist 
(Fig. 9.14). 40 


FUNGAL INFECTION 


Disseminated fungal infection involving the liver primarily affects 
patients with prolonged or recurrent neutropenia: in particular 
patients with leukaemia, patients undergoing chemotherapy for 


lymphoproliferative disorders and recipients of organ transplants. 
Systemic candidiasis is the commonest underlying organism and 
should be suspected in any patients with a resolving neutropenia 
and a fever unresponsive to antibiotic treatment. Other recognised 
hepatic fungal infections include cryptococcosis, histoplasmosis, 
murcomycosis and occasionally aspergillosis. 

Candidiasis 


Diagnosis of systemic candidiasis can be challenging. Targeted 
aspiration of the focal liver lesions may be falsely negative 44 or 
aspiration is contraindicated due to impaired coagulation. Imaging 
therefore plays a key diagnostic role, with MRI seen as the most 
sensitive modality for detection of focal fungal disease. 44 However, 
ultrasound is often used as the first-line investigation. 

On ultrasound hepatic candidiasis has four described appear¬ 
ances, which are believed to relate both to the timing of the infection 
and to the extent of the patient's neutropenia. 45 In the absence of an 
inflammatory response there may be nothing focal to see. Type I is 
seen early in the disease and is described as a 'wheel within a wheel' 
appearance, with a low reflective or anechoic central nidus centred 
in an echogenic ring, surrounded by a low reflective halo. Histologi¬ 
cally this has been shown to represent a central area of necrosis with 
fungal elements, surrounded by inflammatory cells and a ring of 
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fibrosis. Type II is the 'bull's eye' lesion, appearing later when the 
neutrophil count has recovered and measuring 1-4 cm in size. The 
echogenic centre with a low reflective halo can potentially mimic 
metastatic disease, but here the centre contains inflammatory cells 
(Fig. 9.15A, B). Type III is the most common appearance reported: 
seen with healing of the lesions, these uniformly hypoechoic 
nodules represent fibrosis. Type IV is echogenic foci, sometimes 
with acoustic shadowing representing focal calcification as a result 
of scarring. 44,46 



Figure 9.14 Resolving amoebic abscess. Four-month follow-up 
on patient seen in Figure 9.13A showing significant reduction in size 
of abscess cavity with more uniform, reduced reflectivity and 
through-transmission. 



Figure 9.15 Hepatic candidiasis. A and B: Hepatic candidiasis in 
i.e. discrete low reflective focal lesions with an echogenic central nidi 


SCHISTOSOMIASIS 


Schistosomiasis is one of the most common parasitic infections in 
humans, affecting around 200 million people worldwide. Hepatic/ 
intestinal schistosomiasis is caused by the trematodes Schistosoma 
mansoni, S. japonicum and less commonly S. mekongi and S. interca- 
latum. 47 Infection occurs through contact with contaminated water, 
with the cercaria penetrating the skin/mucosa and migrating first 
to the lungs and then to the venules of the mesentery. 48 Here the 
mature flukes release eggs into the venules which enter the portal 
venous system, lodging in the periportal spaces and along the liver 
capsule. The resulting chronic granulomatous inflammation leads 
to periportal fibrosis - described by Symmers as 'clay-pipestem' - in 
the healing stage, with the development of portal hypertension 
without frank cirrhosis. 48,49 

In the acute stage of infection patients may complain of fever, 
itching and diarrhoea, with an eosinophilia found on full blood 
count and positive serology to schistosome antigen. There are no 
reliable imaging features at this stage, although low reflective 
nodules scattered throughout the liver of uncertain aetiology have 
been described. 50 The more chronic changes are somewhat depend¬ 
ent upon the trematode present: 

■ Schistosoma mansoni causes a more central periportal fibrosis, 
with marked echogenic thickening of the portal tracts (up to 
2 cm) seen on ultrasound, predominantly around the porta 
hepatis. Left lobe hypertrophy, portal vein enlargement with 
venous collaterals, echogenic thickening of the gallbladder 
wall and splenomegaly are other typical findings 

(Fig. 9.16). 48,49 

■ Schistosoma japonicum has a more peripheral pattern of portal 
tract fibrosis giving a reticular pattern/'fish-scale network' to 
the appearance of the liver on ultrasound, with relatively 
normal appearing parenchyma between these echogenic septa 
that extend out to a thickened liver capsule. 48,51 Doppler 
studies of the portal vein in these patients tend to be within 
normal limits. 51 



immunocompromised patients, both showing a type II pattern, 







Echinococcal infection 



Figure 9.16 Periportal fibrosis seen with schistosomiasis 
mansoni. Marked echogenic periportal thickening in a patient with 
schistosomiasis mansoni. (Courtesy of Dr N. Arafa.) 


TOXOCARIASIS 


Toxocariasis is caused by the human ingestion of eggs from the 
faeces of dogs and cats infected with the nematodes Toxocam canis 
and T. catis. The larvae are liberated in the intestine and burrow 
through the wall to reach the liver, but may migrate on to involve 
a number of organs. The migrating larvae stimulate a localised 
eosinophilic infiltration leading to granuloma or eosinophilic 
abscess formation. 52,53 On ultrasound the liver is seen to contain 
multiple oval shaped or elongated, low reflective lesions with 
poorly defined margins usually measuring <2 cm in size. Follow-up 
ultrasound may see resolution of these focal areas, or a change in 
location thought to indicate migration of the larvae. 54 


ECHINOCOCCAL INFECTION 


Echinococcal cyst (hydatid disease) 


There are two types of Echinococcus infection causing hydatid 
disease in humans. By far the most common is that by the larval 
stage of the cestode (tapeworm) Echinococcus granulosus , resulting 
in the formation of hydatid cysts in the liver or other organs. 

Traditionally E. granulosus is prevalent in sheep- and cattle¬ 
raising countries, being endemic throughout the Middle East, 
South America, Australia and parts of the Mediterranean. Increas¬ 
ing travel and tourism, however, means it can now potentially be 
seen anywhere in the world. 55 The adult tapeworn usually resides 
in the intestine of dogs or another carnivore (the definitive host) 
and its eggs are excreted in their faeces. These are then ingested by 
the intermediate host, namely sheep, cattle, goats and sometimes 
humans. The eggs hatch in the intestine and the freed larvae perme¬ 
ate the intestinal mucosa to enter the portal venous system. The 
majority become trapped in the hepatic capillary system, where 
they either die or encyst and grow slowly (approximately 2-3 cm 
per year depending upon host immunity). 56 Some will, however, 
pass through the liver to reach the lungs and other organs. 55 

The right lobe of the liver is most commonly affected and the wall 
of the developing hydatid cyst is made of three layers: The outer 
pericyst represents the inflammatory response by the host and is 
predominantly dense connective tissue, sometimes containing 
biliary radicals: this will often partially calcify. The endocyst is the 


inner germinal layer; this gives rise to brood capsules which in turn 
form infectious scolices, both of which may precipitate within the 
cyst to form hydatid sand. Between these is a thin laminated acel¬ 
lular membranous layer known as the ectocyst that allows the 
passage of nutrients to the cyst. The cyst fluid is clear or pale yellow 
in colour, may contain scolices and is antigenic, with a risk of ana¬ 
phylaxis if the cyst ruptures. 56 In certain circumstances, not clearly 
understood, daughter cysts develop within the mother cyst which 
are an exact replica of the mother cyst, but lack a pericyst. 

At ultrasound hydatid cysts may be single or multiple and have 
a number of described appearances, largely dependent upon the 
stage of the disease 56,57 : 

■ Initially they can appear as simple cysts. Distinguishing 
features include a double linear echo to the cyst wall, fine 
echogenic debris (hydatid sand) within the cyst, which can be 
accentuated by moving the patient and there may be evidence 
of cyst wall calcification. 

■ A cyst showing detachment of the endocyst from the pericyst, 
which may be due to falling cyst pressure, host response, 
trauma or treatment. This results in the 'ultrasound water lily 
sign' seen as an undulating series of echogenic linear 
interfaces that appear to float in relatively anechoic fluid. 
Ultrasound is the most sensitive modality for the detection of 
membranes, septa and hydatid sand. 

■ Multivesicular cysts represent the presence of multiple 
daughter cysts, sometimes separated by echogenic matrix 
material (cyst fluid containing scolices, broken brood 
capsules). The appearance is a characteristic 'cartwheel' or 
'honeycomb' cyst. Large amounts of matrix material can result 
in a pseudo-solid echogenic mass. 

■ Calcification of the cyst wall can be partial or complete and 
dense, with the latter producing a strong acoustic shadow. 
Partial calcification does not always indicate death of the cyst 
(Fig. 9.17). 

Ultrasound has a >90% sensitivity for the diagnosis of 
hydatid cyst, based on its sonographic features, which can be 
confirmed on antibody titres to hydatid antigen using counter 
immunoelecrophoresis. 55 

The main complication of hepatic hydatid is cyst rupture (50- 
90%), which can be contained, communicating or direct. In con¬ 
tained rupture the endocyst ruptures, but the pericyst remains 
intact. The collapsed floating membranes are seen on ultrasound as 
serpiginous linear echoes: this may occur as a result of cyst degen¬ 
eration, medical treatment or following trauma. Communicating 
rupture into the biliary system, via biliary radicles within the peri¬ 
cyst, can lead to cholangitis and death of the parasite due to an 
influx of bile into the cyst. Biliary obstruction is more often seen 
with a wide neck rupture into a main biliary branch due to the 
extrusion of daughter cysts, membrane debris and hydatid sand 
into the central bile ducts. The cyst becomes increasingly echogenic 
and layering of echogenic hydatid sand or linear membranous 
material has been described in the dilated biliary system, in up to 
77% of cases. Biliary dilatation can sometimes be seen proximal to 
the cyst simply due to pressure effect rather than obstruction sec¬ 
ondary to rupture. Direct rupture into the peritoneal cavity or 
transdiaphragmatic rupture into the pleural space can carry serious 
consequences, with seeding throughout the abdomen and a high 
risk of anaphylaxis. 58 Biliary-bronchial fistulas can sometimes arise 
when a transdiaphragmatic rupture involves the lung. In direct 
ruptures ultrasound can demonstrate the wall defect as well as 
track the passage of cyst content. 

Cyst infection only occurs following rupture and can result in 
abscess formation, which on ultrasound is indistinct from other 
types of liver abscess, and may have a pseudo-solid appearance on 
ultrasound, with or without air-fluid levels. 56 Traditionally 
contrast-enhanced CT has been decreed as the investigation of 
choice to assess infection, yet there may now be a role for CEUS. 

Medical treatment for hydatid with mebendazole or albendazole 
has a variable success rate and should be monitored with 
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Figure 9.17 Various appearances of 
hydatid cyst. A: Multifocal hydatid cysts; 
some are seen as echogenic thick-walled 
structures. (Courtesy of Dr P. Sidhu.) 

B: Detachment of endocyst, with an 
undulating echogenic interface. C: Typical 
honeycomb appearance of daughter cysts, 
with echogenic content. (B and C courtesy of 
Dr M. Haddad.) 



ultrasound. A good response is confirmed by a reduction in cyst 
dimensions, detachment of the endocyst from the pericyst, some¬ 
times with the development of calcification, and an alteration in 
cyst content echotexture towards a more uniform echogenic 
'pseudo-solid' lesion. 59 Doubts over its clinical efficacy, however, 
mean that medical treatment tends to be reserved for disseminated 
disease or cases where intervention/surgery is contraindicated. 55 

Although surgery is still seen by some groups as the definitive 
treatment for intrahepatic hydatid disease, 55 there is increasing evi¬ 
dence that percutaneous aspiration/drainage procedures are not 
only safe but offer a highly effective treatment alternative. The 
technique known as PAIR (percutaneous aspiration injection and 
re-aspiration) involves the insertion of a fine needle (e.g.l9G) into 
the hydatid cyst under ultrasound guidance followed by the aspi¬ 
ration of half the cyst volume. Hypertonic saline is then injected 
into the cyst, left for a period and then the entire cyst content is 
aspirated. 60 A variation of this technique describes repeated injec¬ 
tion and aspiration until the endocyst is seen to separate from the 
pericyst on ultrasound. 61 For larger cysts (>6 cm) a drainage cath¬ 
eter is inserted at the end of the procedure and left in situ for 24 
hours. Other groups have tried injecting alcohol as a scolicidal 
agent with good results (Fig. 9.18A, B), 62 although care must be 
taken to ensure there is no fistulous communication with the 
biliary tree. The reported complication rate for this procedure is 
around 8%, with liver abscess formation being the most significant. 
The concern over severe anaphylaxis from leakage of cyst content 
would appear to be unjustified, but prophylactic mebendazole is 
often administered to reduce the risk of dissemination. Following 
successful treatment ultrasound shows a gradual reduction in 
cyst size, eventually concluding with a small residual cyst, an 
echogenic focus in the liver parenchyma or complete resolution 62 


(Fig. 9.19). Persistence of a round anechoic cyst is seen as an indi¬ 
cation of treatment failure. 

Hepatic alveolar echinococcosis 


Hepatic alveolar echinococcosis (HAE) is a rare disease caused by 
larvae of Echinococcus multilocularis, which behaves in a very differ¬ 
ent way from the more common hydatid disease. The primary host 
is the fox, with humans becoming infected either through direct 
contact or indirectly from contaminated water of plant life in the 
wild. It is endemic in parts of the USA, Canada, Japan and Central 
Europe. 63 

The liver is involved in 90% of infections, with E. multilocularis 
producing multiple alveolar cysts, each containing a germinal layer, 
that grow by exogenous proliferation, aggressively invading host 
tissue. As the multicystic masses expand they are highly prone 
to central necrosis, leaving a surround of viable metacestoidal 
vesicles. 

At ultrasound the typical described finding is a 'hailstorm' 
pattern made up of multiple poorly defined echogenic nodules due 
to numerous cyst wall interfaces and microcalcification, interspaced 
by areas of necrosis. 64 Large areas of central necrosis appear similar 
to pyogenic abscesses although they tend to have thick, irregular, 
echogenic margins. With progressive disease, coarse peripheral cal¬ 
cification can be seen to surround areas of necrosis. The latter can 
mimic a calcified liver cyst, and if suspected, serology for HAE 
antibodies can help make the distinction. 

Complications from HAE arise from hilar infiltration of the 
biliary tree, leading to intrahepatic duct dilatation, and invasion of 
the portal and hepatic veins resulting in ischaemic atrophy of liver 
segments, both of which can be identified at ultrasound. 





HIV/AIDS 



Figure 9.18 Ethanol injection of hydatid. A: Ultrasound-guided needle puncture of a hydatid cyst. B: Following aspiration of cyst 
content, 95% alcohol is injected into the cyst cavity causing a strongly echogenic focus (arrow). (From Giorgio A et al. Clinical and 
sonographic management of viable hydatid liver cysts. Journal of Ultrasound 2008; 11:107-112.) 



Figure 9.19 Old hydatid. Calcified rounded focus in the right lobe 
of the liver, in a patient previously treated for hydatid. 


ACUTE FASCIOLIASIS 


Fasciola hepatica is a trematode that commonly infests sheep or 
cattle. Human infestation occurs through the consumption of con¬ 
taminated aquatic vegetables and has an acute, latent and chronic 
phase. In the acute phase the larvae penetrate the small intestine 
entering the peritoneal cavity and then pass through Glisson's 
capsule to migrate through the liver towards the bile ducts. Patients 
typically experience fever, upper abdominal pain and have 
a marked eosinophilia. Anti-fluke antibody serology becomes 


positive in the first few weeks of infection, with the detection of 
eggs in stool samples occurring a few months later. 65 In the acute 
phase liver ultrasound findings can be variable, but may show low 
reflective tunnel-like branching lesions in a subcapsular distribu¬ 
tion caused by the parasites' migration through the liver. 66 More 
commonly the pattern is of rounded or nodular lesions of varying 
reflectivity and size, but again tending to a peripheral location in 
the liver, occurring more frequently in the right lobe. 66 In the chronic 
phase the ultrasound findings reflect the biliary involvement and 
can mimic sclerosing cholangitis. 


INFLAMMATORY PSEUDO-TUMOUR 

Inflammatory pseudo-tumour (IPT) of the liver is a rare condition 
of uncertain aetiology producing a chronic inflammatory mass in 
the liver consisting of collagenous tissue infiltrated with plasma 
cells and other inflammatory cells. More common in young men, it 
tends to present with fever, weight loss, abdominal pain and 
general malaise. 67 Although the imaging findings can be concern¬ 
ing, the prognosis for IPT is good and therefore needs to be consid¬ 
ered, to avoid unnecessary surgical intervention. 

At ultrasound the findings can be concerning, with a well or 
poorly defined mass of either increased or decreased reflectivity, 
sometimes showing through-transmission of sound. CEUS gives a 
variable pattern, with either increased or reduced enhancement in 
the arterial phase, but all lesions showing reduced enhancement 
during the portal venous phase, suspicious for a malignant focal 
liver lesion. 27 CT or MRI may demonstrate a delayed enhancement 
pattern suggestive of IPT. 68 


HIV/AIDS 


Throughout the clinical course of the human immunodeficiency 
virus, from the initial infection through to early symptomatic 
disease and finally late stage AIDS, the liver is affected by a wide 
range of pathologies and frequently appears abnormal on ultra¬ 
sound examination. At the time of primary infection the liver may 
show features of associated infections, namely acute or chronic 
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Table 9.3 Focal liver lesions in HIV/AIDS patients 

Infective: Tuberculoma 

Malignant: Lymphoma 

Mycobacterium avium 

Kaposi’s sarcoma 

complex (rare) 

Spindle cell tumour 

CMV 

Hepatocellular carcinoma 

Toxoplasmosis 

Drug reaction: Trimethoprim/ 

Metabolic: Focal fatty 

sulfamethoxazole 

infiltration 


Vascular: Peliosis hepatis 



active viral hepatitis. As the disease evolves, hepatomegaly is the 
commonest finding, often with fatty infiltration, of variable aetiol¬ 
ogy, but often due to patient malnutrition. When the absolute CD4+ 
lymphocyte count begins to fall, bacterial infections including 
Mycobacterium tuberculosis may be seen, the latter producing a 
granulomatous hepatitis. Increasing immune compromise sees the 
occurrence of diffuse fungal infections leading to multiple hepatic 
micro-abscesses. At the end stage of the disease, infection with 
Mycobacterium avium complex and/or cytomegalovirus becomes 
commonplace. 

In addition to infections, drug reactions may cause fatty infiltra¬ 
tion of the liver or a granulomatous hepatitis and focal liver lesions 
can arise from AIDS-associated tumours (Table 9.3). 

Pneumocystis carinii 


Prior to the HIV epidemic in the 1980s pneumonic infection with 
the unicellular fungus Pneumocystis carinii (now called Pneumocystis 
jiroveci) was uncommon and extrapulmonary P. carinii was 
extremely rare. During the 1980s P. carinii pneumonia (PCP) rapidly 
became recognised as an AIDS-defining illness and remains the 
most common opportunistic infection in HIV patients today. Other 
patients at risk of P. carinii infection include those with a primary 
immune deficiency syndrome, patients on immune suppression for 
solid organ or bone marrow transplant, haematological malignan¬ 
cies and those suffering severe malnutrition. 

Extrapulmonary P. carinii was increasingly reported in the early 
1990s in HIV patients, with some series linking it to the use of aero- 
solised pentamidine as a prophylaxis against PCP. Since the move 
to systemic prophylaxis, there has been a significant reduction in 
the number of cases, although it is still reported. 69 It can affect 
numerous organ sites simultaneously - liver, spleen, renal cortex, 
thyroid, pancreas - and when associated with HIV infection tends 
to present with clinical symptoms relating to the affected organ. 69 

On ultrasound hepatic involvement is seen as multiple tiny non¬ 
shadowing strongly echogenic foci diffusely dispersed throughout 
the liver. This strongly reflective interface may be caused by the 
fibrinous exudate seen on histology surrounding the pneumo- 
cystis. 70 Larger echogenic clumps with acoustic shadowing repre¬ 
senting calcific foci are seen later in the infection and can also 
be demonstrated on CT. 71 Although highly characteristic, this 
sonographic pattern has a recognised differential including 
hepatic infection by Mycobacterium avium-intracellulare and 
cytomegalovirus. 72 

Mycobacterium avium complex 


Mycobacterium avium complex is the commonest opportunistic 
infection found at liver biopsy in HIV patients, when it is usually 
widely disseminated throughout the abdomen. Liver function tests 
are often abnormal, in particular the alkaline phosphatase, probably 
due to granulomatous obstruction of the biliary radicals. 72 The com¬ 
monest described finding on ultrasound is hepatomegaly, often 
with diffuse increased reflectivity as a result of fatty infiltration, 
most likely a reflection of the underlying HIV virus. 73 Multifocal 
pinpoint echoes, identical to those seen in extrapulmonary PCP 
infection, have been described in a number of cases. 74 


Table 9.4 Causes of granulomatous hepatitis 

Bacterial: Mycobacterium 

Viral: Infectious mononucleosis 

Brucellosis 

Cytomegalovirus 

Actinomycosis 

Drugs: Allopurinol 

Q fever 

Phenytoin 

Fungal: Histoplasmosis 
Blastomycosis 
Cryptococcosis 

Parasitic: Schistosomiasis 
Toxoplasmosis 

Idiopathic: Sarcoid 


Cytomegalovirus 


Cytomegalovirus (CMV) infection of the gastrointestinal tract is a 
relatively common infection in patients with AIDS. CMV hepatitis, 
however, is much less common, affecting around 5% of patients, 75 
and often coexisting with other opportunistic infections such as 
Cryptosporidia. Findings at ultrasound may be totally non-specific, 
with simply a heterogeneous echotexture and mild hepatomegaly. 
Multifocal echogenic nodules mimicking haemangiomas or echo¬ 
genic metastases have, however, been described. Histologically 
these represent areas of focal fatty infiltration, with an inflamma¬ 
tory cell infiltrate and intranuclear CMV inclusions. 76 


GRANULOMATOUS HEPATITIS 


Granulomatous hepatitis is not a distinct disease but a pathological 
reaction from a number of stimuli (Table 9.4). Histologically it is 
characterised by the accumulation of epithelioid macrophages and 
histiocytes, typically surrounded by small lymphocytes, with the 
former coalescing to form multinucleated giant cells. The granulo¬ 
mas themselves tend not to incite hepatocellular dysfunction, 
unless they are part of a more widespread inflammatory process 
and therefore the clinical presentation is very much dependent on 
the underlying cause. There may be no signs of primary liver 
disease, hepatomegaly is often absent or mild and the liver function 
tests are usually only mildly deranged. Although liver biopsy may 
provide histological evidence for a specific aetiology, the appear¬ 
ance is frequently non-specific and in case series a significant per¬ 
centage remain labelled as idiopathic. 77 

At ultrasound hepatic granulomas have been identified as dis¬ 
crete echogenic nodules of 3-5 mm with a low reflective halo 78 or 
hypoechoic nodules of varying size (usually <10 mm) and shape. 32,79 
Both of these patterns can potentially be mistaken for metastatic 
liver disease. 

Sarcoid 


Hepatosplenic involvement is frequently seen in systemic sarcoido¬ 
sis (50-70%), but is usually clinically silent. On the whole liver 
ultrasound is usually unhelpful or non-specific, with hepatomeg¬ 
aly, increased parenchymal reflectivity, coarsening of the parenchy¬ 
mal echotexture and focal calcifications reported as findings. 80 If 
focal nodules are seen, these are either low reflective or demon¬ 
strate mixed reflectivity, measuring between 0.5-1.5 cm (Fig. 9.20). 
On CEUS it would seem that these focal granulomatous nodules 
do not enhance 81 (Fig. 9.21). 

Tuberculosis 


Liver involvement in tuberculosis is categorised as either miliary, 
local or biliary. Hepatic involvement in diffuse miliary tuberculosis 
is reported to be >80%. However, the fine miliary pattern is not 











Cat scratch fever 



Figure 9.20 Diffuse sarcoid liver. Multiple low reflective nodules 
on a background of a mildly coarsened liver parenchyma, in a 
patient with known sarcoidosis. 



Figure 9.22 Small hepatic tuberculomas. Small multifocal low 
reflective lesions (arrows) in the liver in a patient with HIV and 
confirmed tuberculosis. 



Figure 9.21 Post-contrast sarcoid. Contrast ultrasound in a 
patient with known sarcoid and multiple poorly defined, mildly 
echogenic nodules which are seen as non-enhancing foci. 


usually resolvable on imaging and hepatomegaly is usually the 
only ultrasound finding, with or without a heterogeneous paren¬ 
chymal texture. 

Local nodular hepatic disease without pulmonary tuberculosis is 
relatively rare, but is more often seen in immunocompromised 
individuals, especially HIV patients. It has a non-specific presenta¬ 
tion with fever, abdominal pain, weight loss, and variable liver 
biochemistry. 82 Ultrasound may show multiple low reflective 
nodules (0.5-2 cm) scattered throughout the liver, which can easily 
be mistaken for metastatic disease (Fig. 9.22). 83 Occasionally 
the nodules can be echogenic, some showing partial calcification, 
and there may also be coexisting portal and retroperitoneal 


lymphadenopathy. With CEUS focal tuberculomas show arterial 
phase enhancement, with subsequent washout in the portal venous 
and parenchymal phase, again unfortunately mimicking liver 
malignancy 81 (Fig. 9.23A, B). Occasionally hepatic tuberculomas 
are limited in number but are significantly larger in size. Sono- 
graphically macronodular disease appears as either low reflective 
or echogenic focal masses, sometimes demonstrating acoustic shad¬ 
owing due to partial calcification. 84 As with nodular disease, there 
is a differential for this appearance, but additional ultrasound find¬ 
ings such as ascites, lymphadenopathy and coexisting splenic 
lesions may help make the distinction. 

Rarely primary infection of the liver results in an isolated tuber¬ 
culous abscess, which can easily be mistaken for a pyogenic abscess 
or primary liver tumour. The two described patterns at ultrasound 
are: poorly defined low reflective masses, made up of coalescing 
tubercles, or a low reflective mass with an echogenic halo. More 
complex mass-like structures have also been described. Diagnostic 
aspiration can be guided by ultrasound and some groups have 
advocated percutaneous drainage of these abscesses combined with 
quadruple therapy. 


CHRONIC GRANULOMATOUS DISEASE 

Chronic granulomatous disease is a group of familial disorders 
resulting in a congenital defect in neutrophil function rendering 
them unable to destroy certain phagocytosed bacteria. Children 
with this condition suffer recurrent infections and granuloma 
formation in various organs, including the liver. On ultrasound 
multiple poorly defined low reflective lesions, with no through- 
transmission of sound, are seen within the liver representing 
clumps of granulomatous tissue. Focal pyogenic abscesses or fungal 
micro-abscesses may also be seen. 85 


CAT SCRATCH FEVER 


The Gram-negative bacillus Bartonella hensellae typically causes a 
localised lymphadenitis proximal to its inoculation site: usually the 
result of a cat scratch. In 5-10%, however, a disseminated infection 
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Figure 9.23 Large tuberculoma pre- and post-contrast scan. A: Left lobe 3 cm heterogeneous mass in a patient with confirmed 
hepatic tuberculosis. B: Post contrast there was no convincing enhancement even in the arterial phase. 


can occur with the development of multiple necrotising hepatic 
granulomas appearing as well or poorly defined low reflective or 
heterogeneous nodules on ultrasound. 86 Peliosis hepatis can also 
found in the liver with this infection and its appearance on ultra¬ 
sound has been covered in Chapters 10 and 12. 


HYPEREOSINOPHILIC SYNDROME 

Hypereosinophilic syndrome is a group of related conditions 
varying from a localised benign form (Loeffler syndrome), to a dis¬ 
seminated form producing a marked eosinophilic leukocytosis and 
organ dysfunction as a result of infiltration by mature eosinophils. 87 
The latter condition typically affects middle-aged men, and is char¬ 
acterised by a persistent eosinophilia in the absence of parasitic 
infection or allergy. A number of organ systems are involved, most 
importantly the heart and nervous system, with periportal infiltra¬ 
tion of the liver seen in 50-90% of cases. 88,89 

At ultrasound three patterns of hepatic involvement have been 
described 87-89 : 

1. Multiple rounded/oval low reflective foci measuring 1-2 cm 
scattered throughout the liver. These often have poorly 
defined margins and can sometimes fluctuate in location. 

2. One or two larger (3-4 cm) low-reflective, geographic shaped, 
masses: both this and the above pattern can be mistaken for 
metastatic disease and may require biopsy. 

3. Diffuse hepatomegaly with a non-specific coarsened 
echo texture. 

With the focal infiltrative patterns, the number of lesions and 
extent of liver involvement seen, both on CT and ultrasound, 
appears to correspond to the degree of eosinophilia. 88,89 Resolution 
or reduction in size and number of these nodules occurs with cor¬ 
ticosteroid and antihistamine treatment. 


HEPATIC CALCIFICATION 


The incidental finding of hepatic parenchymal calcification on ultra¬ 
sound is relatively uncommon, yet it has a wide variety of causes 
(Table 9.5): most commonly calcified granulomas and hydatid cysts 


Table 9.5 Causes of hepatic calcification 

Infections: 

Malignant: 

Tuberculosis 

Fibrolamellar carcinoma 

Histoplasmosis 

Hepatocellular carcinoma 

Brucellosis 

Cholangiocarcinoma 

Old calcified abscess 

Hepatoblastoma 

Vascular: 

Metastases: 

Haematoma 

Mucinous carcinomas 

Portal vein thrombosis 

Melanoma 

Aneurysm 

Thyroid 

Benign tumour: 

Osteosarcoma 

Haemangioma (rare) 

Carcinoid 

Adenoma 

Biliary: 

Regenerating nodule 

Calculus (usually not calcified) 

Cyst 

Ascariasis, clonorchiasis 


followed by calcification associated with hepatic neoplasms. 90 In 
general hepatic calcification appears as elsewhere on ultrasound, 
with a strong reflection and a variable straight-edged acoustic 
shadow: the latter can be enhanced by scanning with a higher- 
frequency probe . The size and the morphology may offer some 
indication as to the aetiology, with curvilinear echoes suggesting a 
cyst wall, dense nodular masses seen in granulomas and amor¬ 
phous type calcification often found within soft tissue tumours (Fig. 
9.24). Sometimes a distinction needs to be made between calcifica¬ 
tion from other sources, namely vascular calcification and intrahe- 
patic ductal calculi, the latter may be associated with bile duct 
dilatation. CT may be required on occasion to assess large, densely 
calcified masses. 

In a large number of cases parenchymal calcification can be 
taken to represent a sign of decreased disease activity or a residual 
of previous treatment, but careful scrutiny is required if there is 
any associated soft tissue component or in the case of hydatid, 
where partial calcification can be seen with ongoing parasitic 
infection. 91 
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Figure 9.24 Examples of incidental hepatic calcification, with varying degrees of acoustic shadowing. The linear calcification in A was 
thought to be a result of previous trauma, while in B and C the most likely cause is granulomatous. 
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INTRODUCTION 


Conventional ultrasound (US) is the first-line imaging investigation 
for assessing the liver as it is non-invasive, widely available, and 
inexpensive with an excellent safety profile. Focal liver lesions are 
encountered on US in a wide variety of different clinical scenarios 
such as (a) an incidental finding during an abdominal survey per¬ 
formed for a separate clinical indication; (b) in patients with clinical 
(jaundice) or biochemical (deranged liver function tests) suspicion 
of liver disease; (c) in those with medical conditions that predispose 
to development of focal liver disease, e.g. hepatitis virus, cirrhosis, 
haemochromatosis, Wilson's disease and glycogen storage disor¬ 
ders, etc.; (d) in the work-up of newly diagnosed oncology patients 


where the identification of a focal liver lesion and its accurate char¬ 
acterisation has implications for staging, treatment options and 
prognosis; and (e) in cancer patients with known liver metastases 
undergoing neoadjuvant or local ablative therapy where US assess¬ 
ment of disease burden determines the treatment efficacy and 
directs clinical management. 

It is important that the sonographer be familiar with the spectrum 
of common pathologies that can present as focal liver lesions and 
the sonographic features that enable accurate lesion characterisa¬ 
tion. US can assess if a lesion is solid or cystic or a combination of 
the two. It can confidently confirm a simple cyst even when it is 
sub-centimetre in diameter and in this respect it is superior to CT. 
However, for the majority of solid focal masses, accurate lesion 
characterisation by US is limited when based on morphological 
features such as size, shape, echogenicity or colour Doppler find¬ 
ings because of a broad overlap in the imaging appearance of 
various pathologies. 1-3 

The intravenous (IV) administration of contrast agent as part of 
the routine protocol for CT and MRI has shown that focal liver 
lesions can be accurately characterised based on their dynamic 
enhancement pattern with respect to the background liver. 4,5 Con¬ 
ventional US is limited in the detection of solid focal liver masses 
compared to contrast-enhanced CT and MRI. 6 However, it is inap¬ 
propriate to compare conventional US with contrast-enhanced CT 
and MRI as without contrast the performance of the latter modali¬ 
ties may be equal or even inferior to that of US. Traditionally, 
patients who are detected with indeterminate liver lesions on con¬ 
ventional ultrasound are referred for further imaging studies such 
as contrast-enhanced CT or MRI for lesion characterisation. These 
limitations have been overcome with the advent of contrast- 
enhanced US (CEUS), which enables improved liver lesion 
detection and characterisation. 1,7-11 Furthermore, with the newer 
generation of agents, CEUS permits real-time dynamic imaging, 
unlike contrast-enhanced CT or MRI where the images are acquired 
at 'snap-shots' in time and where imaging at an inappropriate time 
delay will lead to a suboptimal examination. Liver lesions detected 
for the first time on ultrasound can be characterised at the same 
sitting through the use of a US contrast agent, thus shortening the 
diagnostic pathway, obviating the need for further tests such as CT, 
MRI or biopsy and potentially improving patient satisfaction. In a 
prospective multicentre trial comparing CEUS to conventional US 
involving 127 patients with 134 focal liver lesions, CEUS reduced 
the number of indeterminate diagnoses by 51-67% and improved 
the sensitivity and specificity to 90.2-95.4% and 80.8-89.8% respec¬ 
tively, and reduced the need for further imaging from 90.4% to 
23.7% of cases. 11 The reduction in the overall per-patient costs, due 
to elimination of further imaging, may help control the escalating 
cost of a health care system with limited resources. A cost analysis 
study involving 398 patients with 408 indeterminate benign focal 
liver lesions discovered on conventional US showed that use 
of CEUS also provided significant cost savings, compared with 
contrast-enhanced CT, for lesion characterisation. 12 

In this chapter, the use of ultrasound contrast agents for liver 
imaging, their kinetic distribution, optimisation and optimal scan¬ 
ning strategy for detection and characterisation of focal liver lesions 
are described; the spectrum of both benign and malignant focal 






Optimisation and scanning strategy for detection and characterisation 


solid liver pathologies that may be encountered in clinical practice 
and the sonographic findings on both conventional and contrast- 
enhanced US that enable lesion characterisation are discussed. 


CONTRAST AGENTS FOR LIVER IMAGING 

Based on evidence from clinical trials, expert committee reports and 
consensus, the European Federation of Societies of Ultrasound in 
Medicine and Biology (EFSUMB) has already issued guidelines on 
use of ultrasound contrast agents (USCAs) in clinical practice. 13 

For liver imaging, it is more appropriate to classify USCAs 
according to their specificity for normal hepatic parenchymal 
uptake (Tables 10.1 and 10.2). Earlier agents were primarily 
designed to be blood pool agents to salvage conventional Doppler 
examinations and have been shown to be highly effective in enhanc¬ 
ing the macrovasculature on spectral/colour/power Doppler 
modes lasting for up to 7 minutes following a bolus intravenous 
administration. Agents such as NC100100 (GE Healthcare, Oslo), 
SHU 508A and SHU 563A (Bayer AG, Berlin) have additional 
tissue-specific properties; they are selectively taken up by the 
Kupffer cells of the reticuloendothelial system after the vascular 
phase and enhance the normal hepatic parenchyma for up to an 
hour with non-linear imaging modes depending on the dosage 
used. The advantage of such agents is that lesions, which are defi¬ 
cient of Kupffer cells or associated with Kupffer cell dysfunction, 
do not retain the agents, thereby improving the lesion to tissue 
contrast ratio resulting in higher sensitivity for detection as well as 
specificity in tissue characterisation. Other agents such as SonoVue 
(Bracco SPA, Milan) or Definity (BMS, Billerica, USA), which 
were also primarily designed to be blood pool agents, are 
known to be trapped or slowed in the hepatic sinusoids, thereby 
demonstrating late phase uptake, which may last for up to 
6 minutes. 14 This characteristic confers similar advantage clinically 
to those Kupffer cell targeted agents. 


CONTRAST AGENT KINETIC 
DISTRIBUTION 


respect there are some similarities to the haemodynamic profiles 
observed during CT or MR examinations, except for the volumes 
of the agents required and their transit times. A very small volume 
(0.2 to 2.4 mL) of USCA is sufficient in enhancing the liver paren¬ 
chyma as a result of the higher sensitivity of the US non-linear 
modes compared with CT or MR imaging; the intensity-time curves 
of USCA are shifted by 10-15 seconds earlier. In the late phase the 
tumour to liver contrast ratio is increased sevenfold. 15 This may 
enable the detection of very small liver metastases. In addition, 
imaging with USCA is in real-time with the added advantage that 
USCA is truly intravascular, which may be particularly useful for 
more accurate perfusion quantification. 16 

Primary and secondary neoplasms of the liver demonstrate wide 
variability in their vascularity, which is dependent on their size and 
growth rate. When the tumour is small (about 1 mm) its main blood 
supply is via the portal vein and as it grows, a new arterial system 
develops and becomes the predominant or exclusive blood supply. 17 
However only 20-25% of the blood supply to the normal liver origi¬ 
nates from the hepatic artery and the remainder is from the portal 
vein. After a bolus intravenous injection of USCA, hypervascular 
tumours show hyper-enhancement compared with the adjacent liver 
in the arterial phase, which ranges between 15 and 25 seconds from 
the time of the injection. As blood with the higher volume of USCA 
is then delivered to the liver via the portal vein, the echogenicity of 
the liver rises rapidly; in contrast within malignant tumours, USCA 
washout is observed during that period. The reversal in the enhance¬ 
ment between the liver and the tumour is accentuated during this 
phase and peaks from 35 to 90 seconds. All contrast agents will 
display such arterial and portal phases. Therefore optimal scanning 
for detection of hyper- and hypovascular malignant tumours is 
during the hepatic arterial and portal venous phases respectively. 
However, beyond the vascular phases, some agents such as Optison 
clear out of the circulation fairly rapidly whilst other agents such 
SonoVue or Definity are held in the sinusoids for up to 5-6 minutes 
from the time of the bolus injection and this phase can be called the 
Tate phase'. 10,18 On the other hand, with USCAs, which are taken up 
by the Kupffer cells, liver parenchymal enhancement continues 
beyond the 5 minutes and may last for up to an hour depending on 
the dose use. 19 Optimal imaging for malignant tumours for detection 
and characterisation is during this late phase. 


In order to optimise the use of USCAs in the detection and charac- _ 

terisation of focal liver tumours, it is important to understand their Q p"|"| |^|| SATION AND SCANNING 
kinetic distribution following a bolus intravenous injection. In that STRATEGY FOR DETECTION AND 

CHARACTERISATION 


Non-linear mode is essential for any USCA imaging and in particu¬ 
lar low output power (MI: mechanical index) is required to enable 
real-time scanning in the detection and characterisation of liver 
tumours. The MI and receiver gain can be adjusted according to the 
patient's body habitus but the MI should be kept as low as possible 
(0.07-0.12). The use of dual screens with simultaneous non-linear 
and fundamental modes side by side is advised to ensure scanning 
over the region of interest to assess the relative distribution of con¬ 
trast between pathology and normal liver. The focal zone should 
be set low down the screen to enable homogeneity of the enhance¬ 
ment. Persistence setting, which refers to the temporal smoothing 
that the scanner performs in displaying images, should be mini¬ 
mised. There are other parameters such as dynamic range/com¬ 
pression and line density, which would also affect microbubble 
destruction and contrast display sensitivity, but these would 
already have been optimised by the equipment manufacturer and 
the user is best advised to adopt the default setting for the specific 
contrast agent. 

For detection, standardisation of the scanning protocol is impor¬ 
tant to ensure coverage of the whole liver. In our unit, each hepatic 
lobe is scanned axially followed by sagittal sweeps. Oblique sweeps 
through the three right intercostal spaces are also performed to 
complete the examination. This sequence of scanning is repeated 


Table 10.2 Ultrasound contrast agents: no liver-specific 
uptake as yet confirmed 


Licensee 

Acusphere 
Point Biomedical 
GE Healthcare 
Bayer AG 


Trade name 

A1700 
BiSphere 
Optison 
Imavist 


Code name 

PB127 

FS069 

AFO-150 


Table 10.1 Ultrasound contrast: liver-specific uptake 

Licensee 

Trade name 

Code name 

Bayer AG 

Levovist 

SHU 508A 

Bayer AG 

Sonavist 

SHU 563A 

Bracco Spa 


BR14 

Bracco Spa 

SonoVue 

BR1 

Lantheus 

Definity 

MRX-115 

GE Healthcare 

Sonazoid 

NC 100100 
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systematically throughout the hepatic arterial, portal venous and 
late phases. The whole examination should be recorded digitally 
and archived for further review. The hepatic arterial phase may be 
too short to complete a full liver coverage to specifically detect all 
the hypervascular malignant tumours; however, the contrast 
washout is usually rapid for these lesions and the portal and late 
phases are long enough for them to be depicted. Irrespective of the 
tumour vascularity, the vast majority of malignant lesions are 
detectable using the standardised protocol described. For the 
purpose of characterisation it is important to understand the tem¬ 
poral changes in the lesional enhancement during the three phases. 
Agents with late phase uptake have the advantage that there is 
sufficient scanning time and are ideally suited for both detection 
and characterisation. 

In the characterisation of focal liver tumours, a standardised 
scanning protocol is also useful to evaluate the tumoral vascular 
morphology during the hepatic arterial, portal venous and the late 
phase by observing the relative contrast entrapment/up take within 
the tumour compared to the surrounding normal liver parenchyma 
in. Following the administration of the contrast agent, gentle sweeps 
to cover the whole lesion are recommended instead of maintaining 
the same scanning plane continuously; although there is minimal 
destruction when scanning at low MI, microbubble destruction still 
occurs if the probe is kept constantly at the same scan plane. In 
addition, when sweeping through the lesion, a three-dimensional 
perspective of the lesional vascular morphology and geometry is 
obtained. These sweeps can be repeated over the whole vascular 
phase and into the late phase. However, for suspected benign hae¬ 
mangiomas the protocol needs to be tailored to demonstrate the 
centripetal progression of the peripheral nodular enhancement by 
progressively increasing the delays between sweeps thereby mini¬ 
mising microbubble destruction, to allow for the accumulation of 
agent throughout the lesion. 

However, the equipment settings and scanning protocols are dif¬ 
ferent for agents such as Levovist and Sonavist as they are best 
displayed using non-linear imaging modes set at high MI (over 1.0). 
The scanning protocol for detection is as follows: the left lobe and 
then the right lobe is scanned axially or sagittally at 4-5 minutes 
post Levovist or Sonavist injection. Oblique scans at the intercostal 
spaces can also be performed to complete the right lobe examina¬ 
tion. As this is a destructive mode, the contrast display with Levo¬ 
vist is transient; the first sweep through each lobe will provide the 
best and possibly the only chance to visualise tissue enhancement. 
Pre-contrast scan planning is therefore essential to ensure complete 
coverage of the whole liver. If the examination is incomplete after 
the first injection, repeated contrast administration is possible. With 
the transience of the contrast display, biopsy of newly identified 
lesions is difficult with this agent. For characterisation, single 
sweeps through the lesion can be performed at the hepatic arterial 
(15-20 seconds) and portal venous (60-90 seconds) phases at high 
MI to demonstrate the lesion vascular morphology and then in the 
late phase to demonstrate the amount of contrast uptake within the 
lesion. During the vascular phase following Levovist administra¬ 
tion, the number of sweeps over the lesion should be minimised, as 
it may spoil the late phase imaging. However, with Sonavist, 
despite the destructive high MI mode being used, repeated sweeps 
are possible to complete the liver examination in the vascular and 
late phases; this is most likely because of the much higher dose of 
Sonavist used. 20 


BENIGN FOCAL LIVER LESIONS 


Cavernous haemangioma 


Cavernous haemangioma is a common benign liver tumour with a 
prevalence of 0.5-20% in the general population 21 and it is often 
detected as an incidental finding on abdominal imaging. 22 It is most 


frequently detected in the 30- to 40-year-old age group and has a 
2-5 times higher incidence in females than males. 23 Haemangioma 
is often solitary but can be multiple in 10-50% of cases. 24,25 It 
may occur anywhere in the liver but has a predilection for periph¬ 
eral and subcapsular locations and is most frequently found in 
the posterior segment of the right lobe. 26 Due to their benign 
nature, haemangiomas are predominantly asymptomatic although 
complications can occur, particularly in large haemangiomas. The 
incidence of complications occurring in haemangiomas >5 cm in 
size is 5-20%. 27 Potential complications include inflammation, Kasa- 
bach-Merritt syndrome, intra-tumoral haemorrhage, volvulus and 
compression of adjacent structures. 21 An inflammatory process of 
uncertain aetiology has been reported in large haemangiomas, 
which may lead to rapid tumour growth, and non-specific clinical 
findings such as fever, weight loss and abdominal pain. Kasabach- 
Merritt syndrome is a coagulopathy consisting of intravascular 
coagulation, clotting and fibrinolysis within the haemangioma that 
can lead to systemic thrombocytopenia. Intra-tumoral haemorrhage 
is a rare complication in large haemangiomas and can occur spon¬ 
taneously or following anticoagulation therapy. Rarely, large hae¬ 
mangiomas may present as pedunculated masses and there are two 
case reports of these masses having undergone volvulus. 28,29 A large 
haemangioma can exert local compressive effects on adjacent biliary 
(particularly for those situated at liver hilum) and hepatic vascular 
structures or on neighbouring organs such as the kidney or a loop 
of bowel. 

Haemangiomas are composed of blood-filled cavernous spaces 
lined with a single layer of flat endothelial cells and separated by 
fibrous septa. At microscopy, they have a honeycomb appearance. 
On US, haemangiomas are typically well-defined, round or lobu- 
lated lesions, measuring <3 cm in size, and have a uniformly hyper- 
echoic appearance with or without posterior acoustic enhancement. 
The increased echogenicity on US is due to the multiple interfaces 
between the walls of the cavernous spaces and the blood within 
them. 30 The posterior acoustic enhancement reflects the low acous¬ 
tic impedance of blood-filled spaces and tends to occur in lesions 
>2.5 cm in size. 31 Colour Doppler US is limited in assessment of 
haemangiomas as it is not sensitive enough to detect the slow flow 
in the cavernous spaces of these focal lesions, particularly in small 
lesions and lesions located deep within the liver. 32,33 Power Doppler 
has a higher sensitivity in detecting slow flow compared with 
colour Doppler but suffers from being more sensitive to motion 
artefact thus limiting its value. 34 

In patients where a confident diagnosis of cavernous haemangi¬ 
oma can be made based on typical US findings, no further confirma¬ 
tory imaging test is required except perhaps for a routine follow-up 
ultrasound to determine interval stability consistent with a benign 
aetiology. However, haemangiomas can present with atypical US 
findings in 20-40% of cases with potential for misdiagnosis. 35 In a 
retrospective study of 29 proven atypical haemangiomas in 29 
patients, Moody and Wilson observed a number of sonographic 
features that suggest a haemangioma. 35 The most useful feature is 
an echogenic border around a solid tumour while other suggestive 
features include a partially hypoechoic internal echo pattern and a 
curvilinear outline, which may be scalloped. The hypoechoic inter¬ 
nal echo pattern is postulated to be secondary to degenerative 
changes in a haemangioma such as haemorrhage, necrosis, fibrosis 
or myxomatous change. Less frequently, atypical haemangiomas 
may rapidly enlarge in size, calcify, present as a cystic/ multilocular 
lesion, contain fluid-fluid levels or become hyalinised. 21 Growth in 
haemangiomas is thought to be due to vascular ectasia. Some hae¬ 
mangiomas have oestrogen receptors and rapid growth has been 
observed during oestrogen influence during puberty, pregnancy, 
oral contraceptive use and hormonal treatment. 36 Fluid-fluid 
levels in a haemangioma are thought to represent stagnant or slow- 
flowing blood with red blood cell sedimentation on the dependent 
portion of the tumour. Hyalinisation is believed to represent the 
end-stage involution of a haemangioma with replacement of the 
vascular spaces by hyalinised fibrotic tissue leading to loss of 
the typical morphological appearance and enhancement pattern of 





Benign focal liver lesions 






Figure 10.1 Haemangioma. A: Baseline scan showing central lesion with mixed echoes almost isoechoic to adjacent liver. B: Arterial 
phase scan showing peripheral rim enhancement with nodular outline. C: Portal phase scan shows centripetal filling-in with more 
prominent peripheral globular enhancement. D: Late phase scan shows further centripetal filling-in of the peripheral globular enhancement. 


a haemangioma. In addition, haemangiomas occurring in a back¬ 
ground of diffuse hepatic steatosis may have variable echogenicity, 
making pattern recognition difficult. Haemangiomas may appear 
slightly hypoechoic, isoechoic or hyperechoic compared to the stea- 
totic liver but usually maintain their posterior acoustic enhance¬ 
ment (which may be the only clue to their aetiology). 37 High flow 
haemangiomas are reported to have a tendency for a hypoechoic 
appearance compared to the typically seen hyperechoic appearance 
in most slow flow haemangiomas, and may be associated with an 
arterio-portal shunt. 38 

Cavernous haemangiomas, even those with atypical appearances 
on conventional US, can be confidently diagnosed based on their 
enhancement pattern on CEUS 36,39 ' 40 (Fig. 10.1). Peripheral nodular 
enhancement in the arterial phase with centripetal filling on the 
portal venous and late vascular phases is a typical feature seen on 
CEUS, and resembles the pattern seen on contrast-enhanced CT and 
MRI. A study of the CEUS enhancement pattern of histologically 
proven haemangiomas in 58 patients 36 found that the sensitivity for 
detecting haemangiomas based on peripheral nodular enhance¬ 
ment was 74% (95% confidence interval, 61-85%); for complete 


portal or late phase filling it was 78% (65-88%); and for the combi¬ 
nation of both, it was 98% (91-100%) (Fig. 10.2). In 22% of cases, 
haemangiomas demonstrated incomplete centripetal filling in the 
portal or late vascular phases. Quaia et al. 40 also noted this similar 
finding in a study of atypical haemangiomas on CEUS and showed 
that in these cases of incomplete centripetal filling (Fig. 10.3), a 
thrombotic or fibrosclerotic pattern was proven at histology. In 
general, this pattern is seen in larger haemangiomas >4 cm. 41 In 
small haemangiomas (usually <1 cm in size) an immediate homo¬ 
geneous enhancement pattern may be seen in the arterial phase, 
due to rapid filling within these haemangiomas. These 'flash filling' 
haemangiomas account for about 16% of all cases. 36 Rarely, a cen¬ 
trifugal (inside out) enhancement pattern has been described on 
CEUS whereby there is a central enhancing focus in the arterial 
phase followed by centrifugal enhancement in the portal and late 
vascular phases. 41 Assessment of lesion enhancement in the portal 
and late vascular phases is also important to determine whether a 
liver tumour is benign or malignant. Consistent with other benign 
tumours, haemangiomas are hyperechoic or isoechoic compared 
with the background liver during these phases, whilst malignant 
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Figure 10.2 Haemangioma. A: Side-by-side screen with the 
contrast scan on the left screen in arterial phase showing peripheral 
globular enhancement of the haemangioma and the corresponding 
lesion in the conventional B-mode scan on the right screen at low 
Ml showing an atypical baseline sonographic appearance with a 
well-defined scalloped echogenic border and mixed internal 
echogenicity. B: Progressive centripetal enhancement of the lesion 
is noted in the portal phase. C: Almost complete filling-in of the 
lesion is noted in the late phase. 


tumours show contrast washout and are therefore typically 
hypoechoic. 

Fibronodular hyperplasia 


Fibronodular hyperplasia (FNH) is another common benign liver 
tumour representing 8% of all liver tumours. 42 It has a prevalence 
of 3-5% in the general population, a female to male ratio of 8:1 and 
occurs most frequently in the 20-50-year-old age group. 42 When 
occurring in men, atypical presentation is more common with 
lesions usually detected at a smaller size and at an older age. 43 FNH 
is usually a solitary lesion <5 cm in size but can be multiple in up 
to 20% of cases. An FNH syndrome of simultaneous occurrence of 
multiple FNHs and haemangiomas has been recognised. 44 FNH is 
usually diagnosed incidentally on imaging but may be sympto¬ 
matic in up to 20% of cases, mainly in patients with larger lesions 
where the mass effect causes abdominal pain and distension. 45 

The aetiology of FNH is uncertain but dominant theories include 
a hyperplastic response to a pre-existing vascular malformation or 
a response to ischaemia due to an occult vascular occlusion. On 
pathological examination, FNH is composed of circumscribed 
nodules of hyperplastic parenchyma surrounded by radiating 
fibrotic septa originating from a central scar, which contains fibrous 
connective tissue and malformed vascular structures. The arterial 
vessels in FNH are most prominent in the central scar but are also 
present along the septa, which extend from the centre to the periph¬ 
ery of the lesion with a recognised centrifugal flow pattern. FNH 


contains normal hepatocytes and Kupffer cells and proliferating 
malformed bile ducts with absence of portal triads and central 
veins. 46 FNH is divided into two types: classic (80%) and non-classic 
(20%). Classic FNH contains all components, including an abnor¬ 
mal nodular architecture, malformed vessels, and bile duct prolif¬ 
eration. The non-classic type contains two of the three components 
but always shows bile duct proliferation. 

FNH is typically not well visualised on conventional US as the 
lesion is usually of similar echogenicity to the surrounding liver. 
Detection is challenging for this 'stealth lesion' with displacement 
of adjacent intrahepatic vessels by mass effect occasionally being 
the only clue to its presence. 47 FNH is usually a well-defined and 
homogeneous lesion with sharp margins and may be slightly hypo- 
echoic (85% of cases), isoechoic or hyperechoic relative to normal 
liver. A peri-lesional hypoechoic halo simulating a pseudo-capsule 
has been observed which is thought to represent compressed liver 
tissue or vessels around the liver. The central scar and the septa are 
often difficult to appreciate on US but occasionally when apparent, 
they are usually hyperechoic in appearance. The addition of colour 
and power Doppler 48,49 to conventional US interrogation has been 
shown to be useful for FNH characterisation showing a spoke 
wheel arterial pattern of vessels, radiating from the central feeding 
artery to the periphery of the lesion. However, colour and power 
Doppler US have limitations, particularly in detection of slow flow 
in intra-tumoral vessels and particularly in small lesions deep 
within the liver parenchyma. 

USCAs can improve the demonstration of tumoral microvascu- 
larity in FNH thereby facilitating its diagnosis. USC As enable the 
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detection of low-velocity blood flow because they increase the 
signal to noise ratio so improve display of vascular pattern 50 (Figs 
10.4 and 10.5). The central feeding vessel with the FNH scar and 
the communicating network of surrounding arteries is displayed as 
a centrifugal 'spoke wheel' pattern of enhancement 51 (Fig. 10.5). 
Central scar is present in 35% of lesions <3 cm and in 65% of lesions 
>3 cm. 52 On CEUS, it has been reported in 31-56% of cases. 1,11,53,54 
CEUS compares favourably with other modalities for detecting the 
characteristic vascular pattern and central scar in FNH 55,56 (Fig. 
10.6). In a study of 34 histologically proven FNHs, Yen et al. 55 found 
that CEUS had the highest sensitivity (97.1%) in detection of the 
spoke wheel enhancement or central scar compared with colour 
Doppler US/power Doppler US (40%), contrast-enhanced CT or 
MRI (40%), hepatic angiography (50%) and liver scintigraphy (0%). 
Janica et al. 56 observed that the spoke wheel sign was detected by 
CEUS in 100% of FNHs in a study of 26 patients. CEUS is therefore 
an important diagnostic tool for detecting and confirming the pres¬ 
ence of FNH with performance at least on par or even superior to 
other available imaging options. 

Hepatic adenoma 


Adenoma is a benign hepatic tumour with an annual incidence of 
3-4 per 100000 adult patients and is most commonly encountered 
in young women on the oral contraceptive pill. 57 It has an over¬ 
whelming female preponderance with a female to male ratio of 10:1 
and occurs most frequently in the 20-30-year-old age group. 58 It is 
a solitary lesion in 70-80% of cases and has an average size of 
8-10 cm. 59 Adenomas are typically found in a subcapsular location 


in the right lobe of liver (75% of cases) but may be intraparenchymal 
or pedunculated (10% of cases). 59 

Long-term oral contraceptive usage is linked with development 
of adenomas with only a few cases of this disease being recorded 
prior to introduction of the contraceptive pill in the 1960s. 60 An 
extensive epidemiological study 61 showed a 25 times higher inci¬ 
dence of hepatic adenoma in women on long-term oral contracep¬ 
tives compared to those who had either never used oral contraception 
or had used it for less than 24 months. Adenomas rarely occur in 
men, and when present, are usually found in men with predispos¬ 
ing risk factors such as anabolic steroid usage, diabetes or type 1 
glycogen storage disorders. 

Pathologically, hepatic adenoma is a well-circumscribed mass 
composed of sheets of cells that closely resemble hepatocytes that 
are arranged in plates separated by sinusoids. 62 Bile ducts and 
portal tracts are absent and Kupffer cells if present are reduced both 
in number and functionality. Large tortuous arteries and dilated 
thin-walled veins are often present, which denotes the hypervascu- 
lar nature of the tumour. Poor connective tissue support predis¬ 
poses adenomas to haemorrhage. As a tumour capsule is often 
absent or incomplete, haemorrhage may lead to spread into the 
liver or rupture into the peritoneal cavity. The risk of haemorrhage 
is related to the size of the adenoma and is present in about 40-50% 
of tumours. 63 Macroscopic fat deposition may occur in adenomas 
as the cells accumulate lipid and glycogen. Adenomas also calcify 
in about 5-15% of cases. Rarely, malignant transformation into 
hepatocellular carcinoma has been reported in adenomas, mainly 
in larger tumours >10 cm in size. 59 Surgical resection is recom¬ 
mended, particularly for larger adenomas, due to the risk of haem¬ 
orrhage and malignant transformation. 63 
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Figure 10.4 Focal nodular hyperplasia. A lesion is noted in 
segment IV (A) at baseline with greyscale and colour Doppler scans 
showing isoechoic vascular lesion with no central scar, (B) at 
arterial phase showing central scar and central artery and 
displacement of surrounding normal vessels; and showing as an 
iso-enhancing lesion in the portal (C) and late (D) phase with 
visualisation of the central scar. 
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Figure 10.5 Focal nodular hyperplasia using microvascular 
imaging technique (MVI) in the right screen in the arterial phase; 
note the depiction of the central artery and spoke wheel distribution 
of the feeding vessels. 



Figure 10.6 Focal nodular hyperplasia in 3D CEUS in the three 
orthogonal planes (1, 2 and 3) and the 3D reconstruction 
demonstrating the characteristics of the FNH (4). 


The sonographic appearance of hepatic adenoma is non-specific 
as it may be hyperechoic, isoechoic, hypoechoic or of mixed echo¬ 
genicity. 62 Uncomplicated adenomas may have a homogeneous 
appearance while presence of fat, intra-tumoral haemorrhage or 
necrosis will lead to a heterogeneous internal appearance. In 
general, increased echogenicity is seen in tumours with fat or intra- 
tumoral haemorrhage and posterior acoustic shadowing is detected 
in calcified lesion. Colour and power Doppler US may demonstrate 
peripheral peri-tumoral and intra-tumoral vessels. Several authors 
have demonstrated a continuous venous waveform in adenomas, 
which may potentially aid in differentiation from malignant 
tumours such as hepatocellular carcinoma (HCC), which show a 
pulsatile waveform pattern. 64,65 However, these studies were done 
on larger lesions with a mean diameter of >5 cm. In smaller lesions, 
the utility of colour and power Doppler US is limited due to techni¬ 
cal difficulties in obtaining reproducible signals. 

On CEUS, hepatic adenoma is typically hyper-enhancing in the 
arterial phase and may be iso-enhancing with respect to the back¬ 
ground liver on the portal venous and late phase 66,67 (Fig. 10.7). 
Atypical of a benign hepatic tumour, some adenomas may also 
show portal phase non-enhancement or washout. 68,69 Persistent 
focal non-enhancement on all vascular phases is also seen in areas 
of intra-tumoral haemorrhage or necrosis. Clinically, distinction of 
adenoma from FNH is important as these pathologies generally 
occur in the same patient cohort, i.e. young women of reproductive 
age, and whilst FNHs are typically 'leave alone' lesions, adenomas 
should be treated more aggressively. In a CEUS study of 62 patients 
with 43 FNHs and 19 adenomas, Kim et al. 68 found that FNH is 
predicted on the basis of arterial phase centrifugal filling and stel¬ 
late vascularity while adenomas were less reliably predicted on the 
basis of centripetal or mixed filling without stellate vascularity. The 



\ ) ' ■ 

x . % 

© 

0 

o 


Figure 10.7 Adenoma at baseline (A) as a hypoechoic lesion, 
hyper-enhancing in the arterial phase (B) and iso-enhancing in the 
portal (C) and late (D) phases. 


study also found that sustained portal phase enhancement is more 
common in FNH than in adenomas but less contributory to the 
diagnosis. 

Hepatic abscess 


Pyogenic and amoebic abscess represent the majority of hepatic 
abscesses detected worldwide. Both diseases have an excellent 
prognosis if treated early but are potentially fatal if left undiag¬ 
nosed. US is the first-line imaging investigation for infected patients 
who may present with non-specific clinical and laboratory findings. 
Familiarity with the disease process and pertinent sonographic 
findings facilitates prompt diagnosis and treatment. 

Pyogenic abscess is a localised collection of pus with destruction 
of involved hepatic parenchyma and stroma, caused by a bacterial 
pathogen. 69 At histopathology, the abscess cavity shows multiple 
locules, usually filled with thick purulent material and lined by a 
fibrous tissue wall. 70 Depending on the evolutionary stage of the 
abscess, there may be suppuration, liquefaction or fibrosis and the 
edges of the cavity are lined by a chronic inflammatory infiltrate. 
The most common organisms responsible are Escherichia coli and 
Klebsiella pneumoniae, although there is a polymicrobial source in 
more than 50% of infected patients. The usual route of bacterial 
seeding is by haematogenous dissemination (via the portal vein or 
hepatic artery) or via the biliary tract from ascending cholangitis. 
Infection can also occur by direct extension from adjacent organs. 
Common clinical conditions that predispose to pyogenic abscess 
include acute appendicitis, acute diverticulitis, trauma and surgery. 

Amoebic abscess is caused by the protozoan Entamoeba histolytica 
and the usual mode of transmission is via the faecal-oral route. The 
liver is the most common extraintestinal organ involved (in 8.5% of 
cases) with spread to the liver from the gastrointestinal tract via the 
portal vein. 70 Amoebic abscess is most prevalent in the developing 
world where it is endemic in parts of Africa, the Far East, and in 
Central and South America. Worldwide it affects about 10% of the 
population. 70 Histologically, there is scant inflammatory reaction 
at the margins and a shaggy fibrin layer. Haemorrhage into 
the abscess can lead to a pasty material known as 'anchovy paste'. 
The abscess may be purulent if involved by secondary bacterial 
infection. 

The clinical presentation for both these abscess types is highly 
variable. The classic triad of right upper quadrant pain, fever and 
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Figure 10.8 Abscess. Large non-enhancing lesion in the right lobe in the late phase with enhancing septum (A); another abscess with 
enhancing pseudo-capsule and segmental normal liver parenchymal hyperperfusion in the arterial phase (B) and non-enhancement of the 
bulk of the abscess in the late phase (C). 


jaundice may be present in some patients. However, many patients 
present with non-specific clinical findings such as nausea, vomiting, 
diarrhoea, malaise and weight loss. In general, patients with 
amoebic abscess tend to be more acutely unwell than those with 
pyogenic abscess. Laboratory markers such as white cell count and 
liver functions tests (e.g. serum bilirubin, transaminases, alkaline 
phosphatase) are usually deranged in hepatic abscess. Blood cul¬ 
tures are positive in patients with pyogenic abscess in only 50% of 
cases. Immunoassays are positive in amoebiasis in over 90% of 
cases but may be normal in the early stage of infection (within the 
first week) before an appreciable immunological response can be 
mounted. 70 Definitive diagnosis requires US-guided abscess aspira¬ 
tion and culture of the infected contents. Standard treatment 
involves abscess drainage by US-guided percutaneous catheter 
placement and a course of appropriate antimicrobial therapy. 

The sonographic appearance of pyogenic abscess is highly vari¬ 
able and depends on the pathological stage of the infection. 71,72 The 
abscess can appear solid in the early stage prior to the onset of 
parenchymal necrosis. 72 At this stage, sonographic features may 
overlap with those of other focal hepatic pathologies such as liver 
tumours. 73 As the evolutionary stage progresses, liquefaction occurs 
and the abscess will appear increasingly fluid with a mixed echo- 
genic appearance seen. 72 At a later stage, as the abscess matures 
with central liquefaction, it will appear predominantly cystic. His¬ 
tologically, at this stage, most abscesses are multiloculated with 
locules communicating with each other. 72 As the majority of infected 
patients present at this late stage, pyogenic abscess is most fre¬ 
quently detected as multiloculated cystic hepatic lesions. Due to the 
cystic contents, posterior acoustic enhancement may be detected on 
sonography. Internal echoes are frequently seen within the cystic 
contents as a result of internal debris from necrosis. The abscess 
typically has well-defined but irregularly shaped thin walls. 71 Gas- 
containing abscesses (such as those caused by K. pneumoniae and 
Clostridium) may demonstrate intense internal echogenicity with 
posterior reverberation artefact. Colour Doppler interrogation may 
show flow around the periphery of the abscess and within its paren¬ 
chymal septations. The majority of pyogenic abscesses resolve to 
normal parenchyma within 18 weeks following treatment. 74 In a 
small proportion of cases, residues remain which may calcify. 

Typical sonographic features of amoebic abscess are: (1) absence 
of significant wall echoes, (2) round or oval shape, (3) lower echo¬ 
genicity than normal liver with fine homogeneous low level internal 
echoes at high US gain setting, (4) contiguity with the liver capsule 75 
and (5) posterior acoustic enhancement. Studies have shown that 
amoebic and pyogenic abscess cannot be reliably distinguished 
based on sonographic appearances alone. 76,77 However, Ralls et al. 76 
found that two sonographic signs - (1) round or oval shape and (2) 
hypoechoic appearance with fine homogeneous echoes at high US 


gain - were more prevalent in hepatic abscesses to a statistically 
significant degree. Oleszczuk-Raszke et al. 77 found that (1) pyogenic 
abscess was more likely to have an irregular 'honeycomb' content 
and ill-defined margins while amoebic abscess was more likely to 
be a sharper defined lesion with a peripheral halo; (2) both abscess 
types may contain central liquefaction but this was more common 
in amoebiasis; (3) multiplicity was more common in amoebic 
abscess and when present this was likely to be contiguous; and (4) 
amoebic abscess was slower to heal than pyogenic abscess and 
more likely to develop echogenic changes. Sonographic findings in 
patients undergoing treatment for amoebic abscess can be confus¬ 
ing and may worsen (lesions may increase in number and/or size) 
even when the patient is improving clinically. 71,78 Treated lesions 
can become anechoic or calcified or persist as cystic appearing 
foci. 71,78,79 Clinical management should be tailored according to the 
clinical status of the patient rather than the imaging findings. 71,79 

CEUS contributes to the imaging analysis of hepatic abscess by 
increasing lesion conspicuity and so improving detection and char¬ 
acterisation (Fig. 10.8). An abscess is typically detected as a lesion 
with an enhancing rim and a persistent hypoechoic central compo¬ 
nent. 80 Pulsatile vessels may be seen in the rim or along the internal 
septa. In comparison to conventional US, the abscess geometry is 
better appreciated on CEUS with sharper boundaries seen between 
the normal liver parenchyma and the outer wall of the abscess; and 
between the inner wall of the abscess and the liquefactive/necrotic 
center 80 (Fig. 10.9). CEUS can also detect changes in the adjacent 
liver parenchyma that may not be visualised on conventional US. 
Transient arterial hypervascularity due to reactive hyperaemia, a 
peripheral hypovascular area due to oedema or defective venous 
perfusion, and flow reversal in the adjacent portal vein have been 
reported. 80-82 

CEUS can be used to differentiate liver abscess from hepatic 
malignancy. Kim et al. 83 studied the morphological characteristics 
of pyogenic hepatic abscesses and hypovascular liver malignancies 
in 24 patients with 16 abscesses and 22 neoplasms. The study found 
that distinguishing features suggesting pyogenic abscess include a 
coalescent appearance, a sharp boundary to the necrotic cavity, and 
lack of internal enhancement. Conversely, the study found that 
malignant neoplasms generally had ill-defined borders, a variable 
degree of internal tumour enhancement, and were typically less 
complex morphologically. 

Hepatic steatosis 


Hepatic steatosis is commonly seen in the Western world, affecting 
about 10-15% of the general population. 84 It is characterised by 
elevated triglyceride accumulation within the liver, as a result of a 
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Figure 10.9 Abscess in the arterial (A) and portal phase (B) showing enhancement of capsule with non-enhancement of the fluid 
content. 


variety of predisposing factors. 85-87 The most common aetiological 
factors associated with development of hepatic steatosis are exces¬ 
sive alcohol consumption, diabetes, obesity and hyperlipidaemia. 
Less often, hepatic steatosis is secondary to viral hepatitis, drugs 
(e.g. steroids and chemotherapy agents) and nutritional and dietary 
abnormalities. Triglyceride accumulation within hepatocytes occurs 
as a result of defects in hepatocellular lipid metabolism. Macro- 
scopically, the steatotic liver has a yellowish coloration and may be 
enlarged. 88 Microscopically, lipid vacuoles are seen within involved 
hepatocytes and this enables the severity of steatosis to be quanti¬ 
fied based on the proportion of hepatocytes that contain fat 
inclusions (mild <30%, moderate 30-60%, severe >60%). 88 Lipid 
accumulation is non-uniform in the early stage and has a geo¬ 
graphic bias with hepatoctyes situated close to central veins more 
susceptible than those situated close to portal triads. 84 At an 
advanced stage, a more uniform liver involvement is typically seen. 
Generalised hepatic steatosis is visualised sonographically as a 
homogeneous increase in liver echogenicity, which exceeds that of 
renal cortex and spleen. Poor depth penetration leading to reduced 
appreciation of hepatic architecture is also typically present as a 
result of the increased attenuation of US waves in hepatic steatosis 
compared to normal hepatic parenchyma. Steatosis, particularly 
when there is non-uniform liver involvement, dramatically increases 
the complexity of conventional sonographic interpretation. 89-91 
Lesions that conform to a nodular shape can be misdiagnosed as 
neoplasms. 89,90 Detection and characterisation of other pathologies 
can be compromised as a consequence of loss of typical sonographic 
features that enable pattern recognition, due to image distortion 
from the steatotic background. 91,92 

Several patterns of non-uniform hepatic steatosis have been rec¬ 
ognised on imaging. 93,94 These include: (1) focal fat sparing in a 
generalised fatty liver, (2) focal steatosis, (3) multifocal steatosis, (4) 
lobar or segmental steatosis and (5) perivascular steatosis. Focal fat 
sparing and focal/multifocal steatosis can mimic other focal liver 
pathologies on imaging, and are discussed below. 

Focal fat sparing 

The pathogenesis of this condition is uncertain, but a disturbance 
in portal flow has been suggested. 88,94 As lipid delivery to the liver 
from the gastrointestinal tract is via the portal venous system, a 
geographic reduction of portal flow (due to third hepatic inflow 
from aberrant venous supply) to part of the liver is hypothesised to 
spare hepatocytes in that area from steatosis. 88 Typically locations 
for focal fat sparing include segment IV around the gallbladder 


fossa, adjacent to the left portal vein, the porta hepatis, adjacent to 
the falciform ligament and in subcapsular areas. On conventional 
US, areas of focal fat sparing appear hypoechoic against the echo- 
genic background of hepatic steatotic. A geographic margin 
(abruptly angled) and absence of mass effect on adjacent liver 
parenchyma and vessels is typical. Colour Doppler ultrasound may 
be useful in demonstrating a normal vascular distribution in 
affected areas with no evidence of vessel displacement. On CEUS, 
focal fat sparing is isoechoic to the rest of the liver parenchyma on 
all vascular phases (arterial/portal/late phase) 95,96 (Fig. 10.10). 

Focal steatosis 

This is less common than focal fatty sparing. The pathogenesis is 
uncertain but abnormal accumulation of fat may occur as a result 
of ischaemia due to decreased portal venous blood flow or decreased 
delivery of unknown substances via the portal vein. 88 A key factor 
is related to increased insulin load in portal blood. Focal steatosis 
occurs in similar locations to focal fat sparing such as the gallblad¬ 
der fossa, adjacent to the falciform ligament, the porta hepatis and 
subcapsular locations. This is because both conditions are related 
to venous anomalies in those areas of the liver. Focal steatosis is 
hyperechoic to the background liver and typically has a geographic 
outline. Focal steatosis does not exhibit mass effect on the adjacent 
liver parenchyma or vessels. On CEUS, focal fat is isoechoic to the 
rest of the liver parenchyma on all vascular phases (arterial/portal/ 
late phase). A study by Liu et al. 94 found that contrary to the norm, 
the enhancement pattern of focal steatosis may exhibit hypo- 
enhancement in the arterial phase (in 11 of 25 lesions in the study), 
which may reflect unusual blood supply and/or histological 
changes. 

Multifocal steatosis 

This is a rare presentation of focal fatty infiltration, which can 
mimic metastatic disease particularly when it has a nodular con¬ 
figuration. 97 Correct diagnosis is challenging, especially in patients 
with known malignancy. Multifocal steatosis appears as multifocal 
areas of increased echogenicity compared to the background liver. 
Clues to its presence include lack of mass effect, and stability over 
time. On CEUS, multifocal steatosis is isoechoic to the rest of the 
liver parenchyma on all phases (arterial/portal/late phase). 

In all these cases of non-uniform hepatic steatosis, a confident diag¬ 
nosis can be made on CEUS based on an enhancement pattern 
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Figure 10.10 Focal fatty sparing. Ill-defined hypoechoic area 
in the left lobe representing area of focal fat sparing, which 
enhances to the same extent as the adjacent liver throughout all 
phases (A, B, C). 


which is identical to that of background liver. CEUS also improves 
the detection and characterisation of liver neoplasms that coexist in 
the steatotic liver as these lesions may be diagnosed based on rec¬ 
ognised enhancement patterns, which remain unaltered. 92,95 

Liver haematoma 


Liver haematoma is most commonly caused by blunt abdominal 
trauma, with the liver being the second frequent abdominal organ 
injured during blunt trauma (after the spleen). The liver is suscep¬ 
tible to trauma due to its large size (the largest intra-abdominal 
organ), its relatively fixed position in the abdomen and its proxim¬ 
ity to bony structures such as ribs and spine. Other predisposing 
causes for liver haematoma include surgery, liver biopsy, coagu¬ 
lopathy, intra-tumoral haemorrhage and pregnancy. Hepatic 
haematomas are also frequently found in newborns at perinatal 
autopsy, but are usually small, subcapsular in location and clini¬ 
cally silent. 98 It is postulated that the delicate hepatic capsule and 
its connections to the collagen along the sinusoids provide the 
pathogenesis of these haematomas in neonates. 98 

Haematomas may have variable shapes and echogenicity. Sub¬ 
capsular haematomas typically have a lentiform shape which con¬ 
forms to the outer contour of the liver capsule. Intraparenchymal 
haematomas are typically spherical with irregular walls but may 
also follow given anatomical structures resulting in a more starlike 
configuration. 99 The ultrasound appearance of haematoma depends 
on the severity of the bleed and the timing of the scan relative to 
the onset of bleeding. 100 Acute and subacute haematomas appear 
homogeneous and hyperechoic (due to multiple acoustic interfaces 
as a result of the fibrin and erythrocytes in the haematoma), whereas 
in chronic cases, the haematoma appears more cystic with internal 
echoes due to clot liquefaction. 100 Fluid-fluid levels can be seen in 


haematomas due to the haematocrit effect. Internal septations, 
which float freely during real-time scanning and which do not show 
vascularity on colour Doppler US interrogation, are a recognised 
finding. Serial US will show a change in size and appearance of the 
haematoma with time. Eventually, over a period of months, the 
haematoma will resolve due to regeneration of liver tissue, but a 
residual scar or cystic space may persist. On CEUS, haematoma is 
hypoechoic on all vascular phases. Haematomas secondary to intra- 
tumoral haemorrhage in a pre-existing hepatic neoplasm will show 
avascularity of the haematoma juxtaposed with the vascular pattern 
of the underlying tumour. CEUS is a useful supplement to conven¬ 
tional US in the assessment of trauma patients, with studies showing 
superior detection of solid organ injuries with CEUS compared to 
conventional US. 101,102 Liver lacerations typically appear as well- 
defined hypoechoic linear or branched areas while contusions 
appears as ill-defined hypoechoic areas without clearly defined 
margins - these are best appreciated on the portal venous phase 103 
(Fig. 10.11). Active haemorrhage is identified as an extravasation of 
microbubbles into the haematoma and suggests a more clinically 
significant injury. Performance of CEUS may almost approach that 
of contrast CT in the assessment of trauma patients, and CEUS may 
have a role in the triage of trauma patients who cannot undergo CT 
due to haemodynamic instability but who could have a bedside 
ultrasound examination in the emergency unit. 101 In addition, CEUS 
could be used in the follow-up of hospitalised patients with known 
solid organ injuries who are managed conservatively and who 
cannot be easily moved to the CT suite. 101 

Rare benign lesions 


The findings on conventional US and CEUS of several documented 
rare focal liver lesions are discussed. 
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Hepatic angiomyolipoma 

Angiomyolipoma (AML) is a mesenchymal tumour containing 
varying proportions of three elements - mature adipose tissue, 
smooth muscle and thick-walled blood vessels. It is classified his¬ 
tologically into mixed, lipomatous, myomatous and angiomatous 
types. 104,105 It is an extremely rare tumour of the liver and is usually 
diagnosed postoperatively or by autopsy. Hepatic angiomyolipoma 
can be diagnosed preoperatively according to the following find¬ 
ings: (1) hypervascular nature on imaging suggestive of vascular 
proliferation within the tumour, (2) imaging findings of intra- 
tumoral fat and (3) positive actin and HMB-45 stains on biopsy 
specimens which confirms smooth muscle component. 106-109 On con¬ 
ventional US, AML may show increased echogenicity secondary to 
presence of intra-tumoral fat. However, the fat content within 
AMLs varies ranging from 5% to 90% and can lead to atypical 
imaging appearances. 106 Fat-poor AMLs can therefore appear as 
hypo- or isoechoic lesions. In these cases, evaluation of the haemo¬ 
dynamic characteristics of the hypervascular tumour is more useful 
for diagnosis. Colour Doppler imaging can reveal avid tumour 
vascularity and pulsatile flow. 110 In a study of 2209 focal liver 
lesions using CEUS, Xu et al. 111 reported the enhancement pattern 
of four biopsy-proven hepatic AMLs. All lesions showed rapid 
heterogeneous (n = 1) or homogeneous (n = 3) hyper-enhancement 
during the arterial phase with enhancement commencing 10-16 
seconds after contrast injection. Intra-lesional and peri-lesional 
arteries were present in all cases. During the portal phase, half the 
cases showed slight hyper-enhancement and the other half showed 


iso-enhancement. In the late phase, all lesions showed iso¬ 
enhancement. Zheng and Kudo 106 demonstrated on CEUS that the 
efferent vessel in two cases of hepatic AML was the hepatic vein, 
confirmed by conventional angiography and CT angiography. The 
authors postulated that this haemodynamic finding may be an 
important characteristic of hepatic AMLs and may facilitate the 
differential diagnosis from other focal hepatic tumours such as 
HCC where the main drainage vessel is the portal vein. 

Hepatic lipoma 

Histologically this lesion is composed of mature adipose tissue. 104,105 
On conventional US, hepatic lipomas appear as well-defined uni¬ 
formly hyperechoic lesions. 112 These lesions may or may not show 
acoustic shadowing on US. Xu et al. 111 found a liver lipoma that 
showed inhomogeneous hyper-enhancement in the arterial phase 
with iso-enhancement on the portal venous and late phases. 

Intrahepatic biliary cystadenoma 

Biliary cystadenoma is a rare cystic neoplasm of the liver and 
accounts for less than 5% of all cystic lesions of the liver, with fewer 
than 200 cases reported globally. 113 Histologically, the tumour is a 
multiloculated cystic lesion lined by mucus-secreting cuboidal or 
columnar epithelium with an accompanying dense cellular 'ovarian 
like' stroma. 114 The tumour usually presents in middle-aged women 
with a mean age of 50 years and with a great variability in size 
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ranging from 1.5 to 30 cm. 115 The majority of patients are asympto¬ 
matic but large tumours can present with a palpable mass and cause 
symptoms. The tumour is slow growing but is postulated to be 
premalignant with risk of malignant transformation as high as 
30%. 116 Biliary cystadenoma has a tendency to recur following sur¬ 
gical excision. On conventional US, cystadenoma appears as a well- 
defined anechoic cystic mass with echogenic septations and/or 
papillary infoldings. 104,111 Xu et al. 111 reported a case of cystadenoma 
that showed hyper-enhancement of the cystic wall, internal septa- 
tions and an intracystic solid portion during the arterial phase with 
contrast washout in these areas during the portal and late phases. 
Lin et al., 117 in a blinded reader study on the diagnostic performance 
of CEUS for complex cystic focal lesions, found two cases of histo¬ 
logically proven cystadenomas; they appeared as a well-defined 
unilocular or multilocular cystic mass which rarely contained mural 
or septal nodules. On CEUS, the tumour showed septal enhance¬ 
ment in the arterial phase and hypo-enhancement during the portal 
venous and late phases. 

Biliary epithelial dysplasia of 
the intrahepatic bile duct 

This is a premalignant lesion that arises from the epithelium of the 
intrahepatic bile duct. 118 Xu et al. 111 found one histologically proven 
lesion which was slightly hyperechoic and located within a dilated 
bile duct on conventional US; on CEUS, the lesion showed homo¬ 
geneous enhancement during the arterial phase with washout in 
the portal venous and late phases. Sonographically, the lesion is 
difficult to separate from an intrahepatic cholangiocarcinoma. 

Hepatic inflammatory pseudo-tumour 

Inflammatory pseudo-tumour is a benign hepatic mass consisting 
of inflammatory cells and fibrous stroma on histological examina¬ 
tion. 119 The aetiology is unclear but it is postulated to be secondary 
to an inciting hepatic infection. 120 The lesion may have variable 
non-specific appearances on imaging studies. The mass may be well 
defined or poorly defined, have variable echogenicity (hypo- or 
hyperechoic or mixed), may contain multiple septa, and can have 
posterior acoustic enhancement. 121,122 Inflammatory pseudo-tumour 
can be hypo- or hypervascular. Ding et al. 123 found that all four 
lesions in their study showed hypo-enhancement throughout all 
phases on CEUS. Xu et al. 111 had seven lesions in their study, which 
showed a mixture of hyper-, iso- or hypo-enhancement, either 
homogeneous or heterogeneous in the arterial phase with all lesions 
showing hypo-enhancement in the portal venous and late phases. 
Due to non-specific imaging appearances, diagnosis of inflamma¬ 
tory pseudo-tumour can be difficult and may require biopsy. 

Peliosis hepatis 

This is a rare benign vascular lesion characterised by sinusoidal 
dilatation and blood-filled hepatic spaces. Various aetiological 
factors have been described including infectious agents such as 
Bartonella and HIV, malignancies such as HCC, renal and cardiac 
transplantation, diabetes, drugs such as steroids and oral contracep¬ 
tives and toxins such as arsenic and polyvinyl chloride. 124 It is idi¬ 
opathic in 50% of cases. The pathogenesis is unknown but possible 
causes include increased sinusoidal pressure, disappearance of 
normal parenchyma by hepatocyte necrosis, and sinusoidal wall 
weakening. 111,125 On conventional US, peliosis hepatis demonstrates 
variable echogenicity relative to the surrounding liver and may 
have internal vascularity on colour Doppler US imaging. 126,127 The 
lesion is typically hyperechoic but can show iso-, hypo- or mixed 
echogenicity due to the variety of its possible histological features 
as well as the possibility of additional haemorrhage. Perinodular 
and intranodular vascularity can be seen on colour Doppler US 
imaging. Two histologically proven lesions had previously been 
reported, which showed homogeneous hyper-enhancement in one 


lesion and iso-enhancement in the other lesion during the arterial 
phase, associated with washout in both lesions during the portal 
and late phases. 111 

Hepatic sarcoidosis 

Hepatic or splenic sarcoid granulomas are found in 40-70% of 
patients with sarcoidosis. 128 Liver involvement is usually not appre¬ 
ciable on imaging but when identified the most commonly observed 
pattern is non-specific textural heterogeneity and hepatomegaly. 129 
Conventional US may demonstrate normal or increased liver echo¬ 
genicity, hepatomegaly, coarsening of liver texture with or without 
discrete nodules (which can be of variable echogenicity), focal cal¬ 
cifications and contour irregularities. 111,128,130 Hepatic sarcoidosis 
showed hypo-enhancement on CEUS in all phases. 111 

Solitary necrotic hepatic nodule 

This is a very rare benign lesion of uncertain aetiology. The patho¬ 
genesis is probably multifactorial and could be related to patholo¬ 
gies such as parasitic infection, trauma or sclerosing haemangiomas. 131 
Histologically, the mass shows a uniform complete necrotic core 
with a dense hyalinised fibrous capsule containing elastin fibres 
with inflammatory cells. 132 On conventional US, the solitary necrotic 
nodule is usually hypoechoic or a 'target' lesion with a hyperechoic 
centre. 111 No enhancement is seen on CEUS on all vascular 
phases. 111,133 
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Liver metastasis 


The liver is a frequent site for metastasis from the gastrointestinal 
tract cancers and is one of the most common clinical requests for 
abdominal US imaging. Metastatic disease of the liver is about 20 
times more common than any of the primary hepatic neoplasms. It 
is a sign of advanced tumour stage and implies a very poor prog¬ 
nosis. In the Western world, colorectal cancer accounts for 14-16% 
of cancer deaths in men and women respectively with approxi¬ 
mately 25% of patients having liver involvement at the time of 
initial presentation and up to 50% will develop hepatic metastases 
during the course of their disease. 134,135 For patients with colorectal 
hepatic metastases, surgical resection is the treatment of choice with 
10-20% of patients being candidates for potentially curative resec¬ 
tion; resection is indicated if there is no unresectable extrahepatic 
disease, if liver deposits can be resected with a free clearance margin 
of 1 cm and if there is adequate liver reserve. The 5-year survival 
rates vary from 25 to 40%. 136,137 Seventy-five per cent of those who 
undergo liver resection will develop recurrence and of these, the 
liver is involved in 50%. For metastases from other primary malig¬ 
nancies such as pancreatic cancer, hepatic involvement signifies 
poor prognosis and only palliative treatment can be offered. 

Hepatic metastases typically appear as multiple focal discrete 
lesions in 90% of cases, but solitary lesions may also occur. 100 Diffuse 
infiltrative hepatic involvement may be seen in breast cancer or 
lymphoma. On conventional ultrasound, a metastasis may appear 
hypoechoic, hyperechoic or of mixed echogenicity and some look 
like target lesions. 138 These appearances are non-specific in deter¬ 
mining the primary tumour. CEUS appearance of metastasis is vari¬ 
able depending on the size and vascularity of the tumour and the 
degree of necrosis. Metastases of the same cellular type (e.g. colon) 
may vary in their enhancement characteristics and metastases of 
different cellular types (breast and colon) may produce identical 
appearances. 139,140 Hepatic metastases from colon and lung carcino¬ 
mas had previously been described as being hypovascular. 
However, on continuous scanning at low MI using non-linear 
imaging modes, these lesions usually show some peri-tumoral 
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Figure 10.12 Metastasis. Mixed echogenic tumour at baseline (A) showing rim enhancement in the arterial (B) and portal (C) phases 
and complete filling defect in the late phase (D). 


vessels with central necrosis or homogeneous enhancement during 
the arterial phase; during the portal phase, they typically appear as 
hypoechoic filling defects surrounded by a brighter liver paren¬ 
chyma and rim enhancement (Fig. 10.12). 13 For lesions that are 
hyperechoic at baseline, there is a characteristic reversal of the 
echogenicity to become hypoechoic in the portal and late phases. 
Smaller colorectal liver metastases may show a more uniform 
display of the intra-lesional vessels during the arterial phase; 
however, during the portal phase, the liver parenchyma enhances 
and the metastases may appear as echo-poor filling defects with or 
without rim enhancement. In contrast, hypervascular metastases 
(such as the carcinoids, islet cell, melanoma, breast, renal or thyroid 
malignancies) become markedly hyperechoic during the arterial 
phase. In the portal phase, these hypervascular lesions may become 
isoechoic to adjacent liver parenchyma and the contrast agent 
washes out of the lesions gradually to become hypoechoic to the 


surrounding liver with improved delineation 13 (Fig. 10.13). In the 
case of breast and colonic metastases, there may be a combination 
of both hyper- and hypovascular lesions; some of the hypervascular 
lesions may become isoechoic to surrounding liver parenchyma 
during the arterial phase but can still be recognised by virtue of the 
microbubbles' haphazard movement within the hypervascular 
lesions. During delayed imaging with sinusoidal/liver-specific 
agents, both hyper- and hypovascular metastases characteristically 
appear as hypoechoic lesions with or without rim enhancement in 
a background of echogenic liver. 13 

Conventional US is particularly poor for detecting metastases 
that are small (especially <1 cm in size) or isoechoic compared to 
surrounding liver parenchyma. 141 CEUS has improved detection of 
liver metastases compared to conventional US based on published 
literature. 142-146 In a study comparing conventional versus CEUS in 
the detection of liver metastases, the average number of confirmed 
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metastases increased from 3.06 to 5.42 following contrast adminis¬ 
tration; the sensitivity for detecting individual metastases signifi¬ 
cantly improved from 63% to 91%. More importantly sub-centimetre 
lesions were identified in over 92% of confirmed cases following 
contrast compared with 54% at baseline. 147 In a multicentre study 
of 123 patients evaluating conventional US versus CEUS for the 
detection of liver metastases, similar results were observed with the 
sensitivity for detection of individual lesions improving signifi¬ 
cantly from 71% to 87% following contrast administration. Further¬ 
more the specificity also improved significantly from 60% to 88%; 
in a small subgroup of patients CEUS also showed more metastases 
in 32% of patients than did contrast-enhanced CT. 143 In a subse¬ 
quent multicentre study of 157 patients, off-site blinded readers 
showed improved sensitivity for detection of individual lesions 
from 38% to 67% following contrast injection, and the characterisa¬ 
tion of the lesions was also improved with none of the metastases 
showing contrast uptake in the late phase. 148 Compared with 
contrast-enhanced helical CT scan, CEUS was shown to detect more 
metastases in 12%, equal number in 74% and fewer in 14% of the 
83 patients presenting with fewer than five lesions. 149 There was no 
significant difference in the accuracy between contrast-enhanced 
helical CT and CEUS. More recently Konopke and colleagues 
showed that CEUS significantly improved the sensitivity of US 
from 56.3% to 83.8% in the detection of liver lesions in a prospective 
study of 108 patients suspected of having liver metastases 
using histology and intraoperative US as the reference standard. 150 
CEUS led to the improved detection of sub-centimetre lesions, 


subcapsular lesions and lesions adjacent to the ligamentum teres in 
patients who had had adjuvant chemotherapy. 


Improved detection of liver metastases 
with contrast-enhanced intraoperative 
US (CE-IOUS) 

More recently, we assessed the value of CE-IOUS in 60 consecutive 
patients undergoing liver resection of metastases. The technique for 
IOUS and CE-IOUS is as described above. 144 Metastases identified 
on CT and/or MR, IOUS and CE-IOUS were counted, sized and 
mapped according to the Couinaud classification on a liver sche¬ 
matic chart for each modality and in real-time for all the sono¬ 
graphic examinations. Benign cysts were not included in the counts. 
The excised liver segments or lobes were sectioned at pathology to 
obtain a true pathologic gold standard of the lesions. Correlation 
with resection/biopsy histopathology findings was also carried out. 
Changes in surgical management following CE-IOUS compared 
with those made after IOUS were documented (e.g. abandoned 
resection, more extensive resection, limited resection or combined 
resection with radio-frequency ablation, etc.). 

A total of 107 lesions were identified on histopathology findings 
of biopsies and resected tissues and of these 103 were confirmed 
metastases and 4 haemangiomas. The number of correctly identi¬ 
fied metastases on CT/MRI combined, IOUS and CE-IOUS was 79, 
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84 and 101, respectively. There was a statistically significant increase 
in the number of detected metastases on CE-IOUS compared with 
IOUS and also with combined CT/MRI (p = 0.029 and p = 0.047, 
respectively). No statistical difference was observed in the number 
of metastases detected between IOUS and combined CT/MRI (p = 
0.53). For CT/MRI, IOUS and CE-IOUS, the sensitivity was 76.7%, 
81.5% and 96.3%, respectively; accuracy was 73.8%, 78.5% and 
96.3%, respectively; the positive predictive value was 95.2%, 95.5% 
and 98.0%, respectively. The mean (±SD) size of the lesions identi¬ 
fied on CT/MRI/IOUS combined and CE-IOUS was 2.73 (±1.46) cm 
and 1.71 (±1.57) cm, respectively. The median size of the additional 
lesions identified on CE-IOUS was 0.8 cm. The smallest metastasis 
identified was 4 mm in diameter. Of the 60 patients, CE-IOUS was 
not performed in 3 patients, 2 patients had peritoneal metastases at 
exploration, and 1 patient had widespread metastases in a back¬ 
ground of fatty liver on the basis of IOUS. In 40 of the remaining 
57 patients, there was no alteration in the surgical management; 
CE-IOUS detected no additional lesion in 37 patients; in 2 cases 
there were additional lesions but they did not entail any extended 
resection or adjunctive surgical manoeuvres; in another patient, one 
of the lesions was wrongly diagnosed on IOUS and CT as metasta¬ 
sis and was accurately identified as a benign haemangioma on 
CE-IOUS. In contrast, new information identified on CE-IOUS 
alone altered the surgical plan in the remaining 17 of 57 patients 
(29.8%); additional hepatic metastases were detected in 11 cases 
(19.3%), which extended to a tri-segmentectomy in 3 cases, addi¬ 
tional non-segmental wedge resection in 2 patients and radio-fre¬ 
quency ablations of the additional lesions in 6 cases, as an adjunct 
to the planned hepatic lobectomy. Prior to radio-frequency ablation 
all additional lesions were biopsied and confirmed as metastasis; 
all biopsies and radio-frequency ablations were performed using 
CE-IOUS guidance. In 2 patients (3.5%) there were fewer lesions 
than identified on preoperative imaging scans and could not be 
confidently excluded on IOUS alone, which resulted in alteration 
in the original surgical plan from right hepatectomy to excision of 
three segments in one and removal of segment VII/VIII plus a 
metastasectomy in the other. CE-IOUS also confirmed presence of 
an arteriovenous malformation in one patient (1.8%), which was 
not identified on IOUS and was previously diagnosed as apparent 
solitary metastasis on CT; CE-IOUS also accurately diagnosed a 
solitary benign haemangioma with characteristic peripheral nodular 
enhancement with progressive filling-in over the vascular and late 
phases in 2 patients (3.5%) which were wrongly identified as metas¬ 
tasis on CT and IOUS. Previously planned resections were therefore 
not carried out. In one case the tumour margin could only be clearly 
visualised on CE-IOUS to be too close to the inferior vena cava for 
resection and it was ablated instead. New findings on CE-IOUS 
alone also altered IOUS/CT/MRI hepatic staging in 35.1% (20 of 
57) of patients. 

In many centres, hepatic ultrasonography remains the primary 
imaging modality of choice in imaging the liver for suspected 
metastases from primary tumours such as: breast, melanoma, 
oesophagus, stomach, pancreas and lung. This practice is merely 
historical, readily available and cheap (compared to CT or MR) and 
is usually triggered by the patients' abnormal liver function tests or 
raised tumour markers; the identification of liver metastasis is also 
used as a prognostic indicator of poor outcome. For these tumour 
types, in contrast to colorectal cancer, 'global detection' of hepatic 
metastasis, i.e. whether metastasis is present or not, is the primary 
goal rather than 'the actual number and localisation' of the metas¬ 
tasis as liver resection is usually not an option. In that context, 
CEUS should be implemented for improved detection. 151 The rec¬ 
ommendations of the European Federation of Societies for Ultra¬ 
sound in Medicine and Biology (EFSUMB) regarding use of CEUS 
for liver metastases are: 13 

1. CEUS should be performed to rule out liver metastasis unless 
conventional US shows clear evidence of the lesions. 

2. CEUS should be used in selected cases, when clinically 
relevant for treatment planning, to assess the number and 


location of liver metastases as a complement to contrast- 
enhanced CT and/or MRI. 

3. CEUS should be used routinely in the surveillance of 
oncology patients. 


Hepatocellular carcinoma 


Incidence 

Hepatocellular carcinoma (HCC) is a malignant neoplasm com¬ 
posed of cells with hepatocellular differentiation. 152 It is the most 
common primary liver malignancy, the fifth most frequent cancer 
type and third most frequent cause of cancer-related deaths glo¬ 
bally. 153 More than half a million new cases are diagnosed yearly 
with an age-adjusted worldwide prevalence of 5.5-14.9 per 100000 
population. 154 In some parts of Asia, HCC is the leading cause of 
death from cancer. In the developed world, the incidence of HCC 
has increased in the past two decades largely attributable to hepa¬ 
titis C virus infection. 155 In the United States, the average annual 
age-adjusted incidence of HCC increased from 1.3 per 100000 in 
1981-1983 to 3 per 100 000 in 1996-1998 with a 25% increase between 
1993 and 1998. 156 In more than 80% of cases, HCC occurs in the cir¬ 
rhotic liver, and in these patients HCC constitutes the leading cause 
of death. 154 HCC is up to 16 times more common in patients with 
cirrhosis than in those without cirrhosis (annual incidence 2-6.6% 
in cirrhotics and 0.4% in non-cirrhotics). 154 In patients with cirrhosis, 
the incidence of HCC at 5 years may exceed 25%. 157 


Screening and surveillance of HCC 

Early tumour detection while it is still at a low grade and is ame¬ 
nable to curative treatment is the hallmark of a successful screening 
programme. Screening and surveillance for HCC remains a clinical 
challenge. Despite the lack of concrete evidence of any true survival 
benefit or cost-effectiveness, it is now becoming widely accepted 
among hepatologists and endorsed by the World Health Organiza¬ 
tion that it should be routine in the management of patients with 
end-stage liver disease. Nevertheless some of the rationales for 
screening and surveillance are compelling. 

The worldwide incidence of HCC is increasing but more notice¬ 
ably in North America and Europe; it is now believed that the rise 
in the latter continents, which is progressively affecting younger 
patients, is mainly due to the rise in hepatitis C viral infection, 
whilst the rates associated with alcoholic cirrhosis and hepatitis B 
virus infection have remained stable. 158 The disease is extremely 
lethal, with median survival rates of untreated symptomatic cases 
ranging between 4 and 6 months. Even for patients with small 
tumours there is a significant mortality as less than 50% will survive 
5 years despite undergoing apparently curative resection. 

The target population for screening and surveillance for HCC is 
readily identifiable. Chronic hepatitis B and C virus infections are 
well recognised to increase the risk of HCC. In Europe, approxi¬ 
mately 28% of liver cancer has been attributed to chronic hepatitis 
B virus infection and 21% to hepatitis C virus infection, 159 but the 
risk is greatest in the presence of co-infection with both hepatitis B 
and C virus; male sex and alcohol abuse are also significant risk 
factors. 160 Cirrhosis is another major risk factor irrespective of the 
aetiology. The annual risk of developing HCC in cirrhosis ranges 
between 1% and 6%. 161,162 The risk is higher in patients with cirrhosis 
caused by viral infection compared with non-viral causes. However, 
patients with cirrhosis as a result of genetic haemochromatosis also 
have high rates of HCC. In a prospective study of 152 patients with 
haemochromatosis (homozygotes) by Fargion et al., 163 of those with 
liver cirrhosis 29% developed HCC whilst none of those without 
cirrhosis developed HCC; age over 55 years, presence of HBsAg 
and alcohol abuse increased the relative risk of HCC by 13.3-, 4.9- 
and 2.3-fold, respectively. 
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In contrast, the estimated incidence of HCC in patients with 
primary biliary cirrhosis is 2.4%. 164 The development of HCC 
appears to be restricted to patients with stage III/IV disease and 
the incidence is 5.9% in that category The male sex has a significant 
impact on disease outcome; the incidence of HCC in female patients 
is low compared to male patients (4.1% versus 20%). In the presence 
of advanced disease the incidence for male compared to female 
patients is even higher (45.4% versus 8.3%). The reason for the 
increased risk of HCC development in male compared to female 
cirrhotic patients with primary biliary cirrhosis is unclear. It has 
been suggested that this may be the result of increased incidence of 
underlying risk aetiologies such as alcohol abuse and chronic hepa¬ 
titis B carriage in males. However, in the study report of Jones 
et al., 164 such confounding aetiological factors including hepatitis 
B and C, alcoholic liver disease and haemochromatosis have been 
excluded, which therefore confirms that the risk for HCC is truly 
increased in males. The incidence of hereditary causes of cirrhosis 
such as Wilson's disease, alpha-l-antitypsin deficiency, galactosae- 
mia, type IV glycogen storage disease, tyrosinaemia, Osler-Weber- 
Rendu syndrome and familial cirrhosis and autoimmune cirrhosis 
is not clearly established but is presumably much lower than the 
above-mentioned well-recognised aetiologies. 

Whilst cirrhosis is a major risk factor irrespective of aetiology, up 
to 56% of patients presenting with HCC have previously undiag¬ 
nosed cirrhosis. 165 Cirrhosis may be easily diagnosed by any cross- 
sectional imaging modality if characteristic features such as nodular 
hepatic contour, ascites and/or varices are present. Conventional 
US has a sensitivity of 43-87.7% and a specificity of 79.9-100% for 
diagnosing cirrhosis, with the most widely accepted signs of disease 
being (1) enlargement of the caudate lobe with an increased caudate 
to right lobe ratio, (2) superficial nodularity - best appreciated on 
high-frequency US probes and (3) a coarse parenchymal echo 
pattern. 166 However, in the early stages of the disease, it may be 
impossible to differentiate between stage III fibrosis and cirrhosis. 
If the presence of cirrhosis alone were to be used to define the target 
population, these patients would not have been recruited into the 
screening or surveillance programme. Zaman et al. 165 also showed 
that those patients with occult cirrhosis were predominantly 
HBsAg-seropositive. Therefore patients with chronic viral hepatitis 
as well as those with overt cirrhosis have to be included in any 
screening or surveillance programme. 

Serum alpha-fetoprotein levels (AFP) and conventional ultra¬ 
sonography have been the most commonly used screening tests for 
HCC. The ideal screening tests should also have high sensitivity 
and specificity. The performance of AFP has been poor in that 
respect with a sensitivity of 39-64%, a specificity of 76-91% and a 
positive predictive value of 9-32%. 167-169 In addition, rise in levels 
of AFP is not specific for HCC and it may also increase transiently, 
persistently or intermittently with flares of active hepatitis. In con¬ 
trast, within the context of screening healthy HBsAg carriers as well 
as cirrhotic patients, ultrasound has been shown to have a sensitiv¬ 
ity of 71% and 78%, respectively, specificity of 93% but with a posi¬ 
tive predictive value of 14% and 73%, respectively. 167,169 These could 
be improved further with the administration of a USCA. 

Previous reported surveillance intervals ranged between 3- and 
12-month intervals and it is now generally accepted that the inter¬ 
vals should be 6 months taking into account reported median 
tumour doubling time, which is about 117 days. 170 There are as yet 
no studies to determine the best recall policy; however, at the con¬ 
sensus meeting of the European Association for the Study of Liver 
in Barcelona in 2000, 171 it had been suggested that cirrhotic patients 
should undergo 6-monthly ultrasound and AFP levels assessment; 
patients who have no nodule on US but have increasing AFP levels 
should have spiral CT of their liver performed; for those patients 
with a nodule of less than 1 cm, 3-monthly ultrasound is recom¬ 
mended on the basis that these lesions are far too small to charac¬ 
terise accurately and at least 50% of these sub-centimetre lesions 
will not be HCC; patients with a nodule of over 2 cm should have 
AFP levels over 400 ng/ mL and CT, MRI or angiography evidence 
of lesion hypervascularity before HCC can be confirmed. 171 If the 


nodule is less than 2 cm, diagnosis can be made using non-invasive 
criteria (if biopsy is not an option), which have been defined as: (a) 
radiological criteria: two coincidental imaging techniques showing 
arterial hypervascularisation for lesions over 2 cm; (b) combined 
criteria: one imaging modality showing arterial hypervascularisa¬ 
tion associated with AFP levels over 400 ng/mL. Biopsy may be 
another option in some centres, but remains controversial; in some 
North American and European centres, biopsy would prelude 
hepatic resection or transplant because of risk of tumour seeding 
along the needle track. Furthermore a negative biopsy of a lesion 
visible on imaging techniques in a cirrhotic liver does not necessar¬ 
ily rule out malignancy completely. Therefore within the context of 
the cirrhotic patient, HCC can be diagnosed non-invasively using 
the above-mentioned criteria. Ultrasound is widely accepted to be 
adequate in screening for hepatomas. Clearly there are several 
stages in this algorithm whereby the use of USCAs might be more 
effective namely (a) in the 6-monthly recalls to improve detection, 

(b) the characterisation of the lesions measuring less than 2 cm and 

(c) as the second modality in demonstrating the hypervascularity 
of the lesion in the non-invasive diagnosis of HCC. 

Regenerating nodules, dysplastic 
nodules and HCC 

Cirrhosis is characterised by destruction of normal hepatic architec¬ 
ture, which is replaced by fibrosis and a spectrum of nodules 
ranging from benign regenerative nodules to HCC. 172,173 The devel¬ 
opment of HCC is postulated to be due to a multistep process of 
carcinogenesis. 174,175 This involves progression from regenerative 
nodule to low-grade dysplastic nodule to high-grade dysplastic 
nodule to dysplastic nodule with foci of HCC to overt HCC. Pro¬ 
gression along this path is characterised by cytological and archi¬ 
tectural changes. These entities show overlap in imaging appearances 
on conventional US, making accurate differentiation almost impos¬ 
sible. A study by Bennett et al. 176 of 200 patients with cirrhosis who 
underwent conventional US followed by liver transplantation 
within 90 days concluded that sonography has poor sensitivity for 
detecting dysplastic nodules (patient sensitivity 4.8% and lesion 
sensitivity 1.6%) and HCC (patient sensitivity 29.6% and lesion 
sensitivity 20.5%). 

CEUS has an important role in characterising nodules in the cir¬ 
rhotic liver, as the vascular supply to the nodule and thus its 
enhancement pattern may allow the differentiation of HCC from 
other focal lesions. As part of the stepwise progression of carcino¬ 
genesis in a cirrhotic nodule, there is progressive loss of portal 
venous supply and development of new arterial vessels, which 
become the dominant supply in overt HCC. 177 This arterial neo¬ 
angiogenesis is the hallmark of HCC and the key to imaging diag¬ 
nosis. 178,179 In general, non-neoplastic nodules have a predominantly 
portal venous supply while HCC has a predominantly hepatic arte¬ 
rial supply. HCC typically demonstrates washout in the portal 
venous or late phase due to decreased or absent portal venous 
in-flow. 


Regenerative nodule 

This is defined histologically as a hepatocellular nodule containing 
portal tracts surrounded by fibrous septa in a liver involved by 
cirrhosis or other severe disease. 172 These nodules may be micron- 
odular (<3 mm), macronodular (>3 mm) or mixed type. Rarely, 
regenerating nodules can measure several centimetres in size and 
mimic a neoplasm. 172 The blood supply to the regenerative nodule 
is predominantly from the portal vein, with minimal contribution 
from the hepatic artery. These nodules typically appear hypoechoic 
on conventional US. On CEUS, these nodules show hypo- or iso¬ 
enhancement in the arterial phase and iso-enhancement in the 
portal venous and late phases compared to the background liver 180 
(Fig. 10.14). 
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Figure 10.14 Regenerative nodule. Hypoechoic lesion at 
baseline (right screen) enhancing equally with the adjacent liver 
parenchyma in all arterial (A), portal (B) and late phases (C). 


Dysplastic nodules 

These are considered premalignant nodules and are found in 15- 
25% of cirrhotic livers. 181 They are defined histologically as nodules 
of hepatocellular origin that are >1 mm in diameter with dysplasia 
but no histological criteria of malignancy. 182 These nodules may be 
of low or high grade depending on the degree of cellular atypia and 
mitosis. On conventional US, dysplastic nodules are typically hyp¬ 
oechoic and cannot be reliably differentiated from other cirrhotic 
nodules. Occasionally they can be greater than 2 cm in size. 182 Pro¬ 
gression to HCC has been reported within as little as 4 months, with 
a 'nodule within a nodule' appearance sometimes seen - referring 
to the presence of a focus of HCC within a dysplastic nodule. 183 On 
CEUS, most dysplastic nodules show hypo- to iso-enhancement in 
the arterial phase and iso-enhancement on the portal venous and 
late phases compared to background liver due to predominant 
portal venous supply similar to regenerating nodules 180 (Fig. 10.15). 
High-grade dysplastic nodules and those with focus of HCC have 
an increasing supply from the hepatic artery and may show arterial 
hypervascularity on CEUS. 180 

HCC 

There are three recognised morphological presentations of HCC. 184 

1. Massive - refers to a single large mass with or without 
satellite nodules. 

2. Nodular - refers to multiple fairly discrete nodules 
throughout the liver. 

3. Diffuse - refers to multiple indistinct minute nodules 
throughout the liver. 

On conventional US, HCC has a variable echogenicity and can 
be hypo-, iso- or hyperechoic or mixed pattern. Small HCCs (<2 cm 
in size) tend to be hypoechoic while larger HCCs tend to be 


inhomogeneous and complex with areas of internal echogenicity 
(seen in 50% of large HCCs) secondary to fibrosis, haemorrhage or 
necrosis. 185 Ebara et al. 186 correlated the US pattern of HCC with 
their size and demonstrated that with increasing nodule size there 
was a tendency to progress from a hypoechoic appearance to one 
with a hypoechoic periphery with echogenic centre to finally a 
lesion with larger areas of intra-tumoral echogenicity. Certain mor¬ 
phological features are suggestive of HCC and may aid in the dif¬ 
ferentiation from other focal liver lesions. These include the presence 
of a pseudo-capsule, intra-tumoral septa, daughter/satellite nodules 
and tumour thrombus in the adjacent portal or hepatic veins. 187 The 
pseudo-capsule around an HCC is composed of thick fibrous tissue 
and is caused by compression of normal hepatic parenchyma by 
expansile tumour growth. 188 The encapsulated type of HCC is 
usually well differentiated histologically and is slower growing 
with lower propensity to form daughter nodules or tumour 
thrombi. 188,189 It has a generally better prognosis than non- 
encapsulated HCC. Malignant portal venous invasion is reported to 
occur in association with HCC in 5-44% of cases. 190 Distinction from 
non-tumour thrombus, which occurs in 0.65-15.8% of cirrhotic 
patients, 191 is important as tumoral vascular invasion substantially 
worsens the prognosis and may result in exclusion of patients from 
surgery. Features that favour malignant tumour thrombus include 
contiguity with the parenchymal tumour, vein expansion in malig¬ 
nant thrombus compared to near normal vein calibre in bland throm¬ 
bus, and presence of thrombus neovascularity which may be detected 
on colour Doppler imaging or CEUS. 172,192 The arterial supply to the 
tumour thrombus is retrograde down the vein from the parenchymal 
tumour so the arterial flow within the tumour thrombus is usually 
away from the liver, opposite to that of the hepatic artery. 100 

Arterial neo-angiogenesis is the hallmark of HCC and the key to 
imaging diagnosis. 178,179 On colour Doppler imaging, approximately 
75% of HCCs show a fine peripheral network of vessels, surround¬ 
ing and penetrating the lesion (the so-called 'basket pattern'). 193 
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Flow within HCC is typically high velocity on Doppler and the flow 
may have low resistance due to arterial-venous shunting within the 
tumour. 100 On CEUS, the enhancement pattern of HCC is related to 
the degree of the histological differentiation 194 (Fig. 10.16). Jang 
et al. 194 performed a retrospective study of 112 consecutive patients 
with 112 histologically proven HCCs (23 well differentiated, 77 
moderately differentiated, and 12 poorly differentiated) comparing 
the arterial and portal venous phase enhancement patterns on 
CEUS with the degree of histological differentiation. The authors 
found that moderately differentiated HCC, which accounted for the 
majority of cases, showed a classic enhancement pattern of hetero¬ 
geneous arterial hypervascularity (74 of 77 lesions, 96%) and portal 



Figure 10.15 Dysplastic nodule. Hyperechoic lesion at baseline 
(A) which is hypo-enhancing in the arterial phase (B), and iso¬ 
enhancing in both portal (C) and late (D) phases. 


venous phase washout (72 of 74, 97%). On continuous low MI 
scanning with contrast-enhanced pulse inversion harmonic 
(PIH) imaging, chaotic peri-tumoral and intra-lesional tortuous 
'corkscrew'/'s' shaped vessels may be clearly depicted in the arte¬ 
rial phase when the lesions become hyperechoic (Fig. 10.17). The 
authors depicted dysmorphic intra-tumor al arteries in the majority 
of HCCs (81 of 112, 72%). In contrast, well-differentiated and poorly 
differentiated HCCs may give atypical appearances on CEUS (Figs 
10.18,10.19 and 10.20). In their study Jang et al. 194 found that some 
well-differentiated HCCs demonstrated arterial phase iso- or 
hypovascularity (9 of 23 lesions, 39%) and iso-vascularity through¬ 
out the portal phase (9 of 9, 100%), postulated to reflect decreased 
normal hepatic arterial flow without significant development of 
neoplastic arteries and with preservation of portal venous flow. In 
poorly differentiated HCCs, the authors found early washout (7 of 
9 lesions, 78%) within 90 seconds. A possible explanation for early 
washout of poorly differentiated HCCs may derive from its total 
lack of similarity to normal hepatocytes and its architecture. While 
the majority of HCCs in the study demonstrated washout in the 
portal venous or late phase (up to 5 minutes post contrast injection), 
9% demonstrated no washout and of these 78% (7 of 9 lesions) were 
well-differentiated HCCs. 

Cholangiocarcinoma 


Cholangiocarcinoma (CC) is the second most common primary 
hepatic cancer, representing 30% of all primary hepatic neo¬ 
plasms, 195 and accounts for about 3% of all gastrointestinal cancers 
globally. 196 It has an incidence of 1-2 cases per 100000 population 197 
with the peak prevalence in the seventh decade of life and a slight 
male preponderance. 198 CCs arise from bile duct epithelium and are 
adenocarcinomas in 90-95% of cases. 199 Histologically, tumours are 
usually associated with extensive intra-lesional fibrosis. Sixty to 
seventy per cent of CCs arise at the bifurcation of the hepatic ducts 
(Klatskin tumours), 20-30% at the distal common bile duct, while 
5-10% are peripheral (occurring distal to the second order bile 
duct branches) and arise from intrahepatic ducts of the liver 





Figure 10.16 Well-differentiated hepatocellular carcinoma. 

Large hyperechoic lesion at baseline which enhances 
homogeneously in the arterial phase (A) associated with pseudo¬ 
capsule which is hypo-enhancing, and on portal phase (B) the 
lesion is iso-enhancing whilst the pseudo-capsule enhances; in late 
phase both are iso-enhancing (C). 
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Figure 10.17 Large hepatoma showing hyper-enhancement in 
the arterial phase with central tortuous vessels and areas of 
necrosis (A), with iso-enhancement in the portal (B) and late 
phases (C). 



Figure 10.18 Multiple small hepatomas, which are hypoechoic at baseline (A) showing hyper-enhancement in the arterial phase (B), 
iso-enhancement in the portal venous phase (C) and washout in the late phase (D). 


parenchyma. 200,201 Intrahepatic CCs such as hilar and peripheral 
forms can be classified according to their growth characteristics as 
periductal-infiltrating (most common), intraductal or mass-forming 
types 202 

Conventional US is the first-line imaging modality in this patient 
cohort as patients usually present at a late stage when signs and 
symptoms suggestive of biliary obstruction such as jaundice or 
deranged liver function tests trigger an imaging investigation. US 
is highly sensitive for confirming bile duct dilatation, localising the 
site of obstruction and excluding gallstones as a potential cause. 203 
On US, dilatation of the intrahepatic bile ducts that converge on the 
liver hilum is the most common finding in patients with Klatskin 
tumours. Other findings depend on the growth characteristics of 


the CC type. Periductal infiltrating CCs are difficult to detect sono- 
graphically due to small size as well as perceptual difficulties as 
they can appear isoechoic or show only mild textural inhomogene¬ 
ity compared to the surrounding liver. Mural and periductal soft 
tissue thickening or focal irregularities of the bile ducts may occa¬ 
sionally be appreciated. 204 In longstanding cases due to obstruction, 
lobar atrophy and resultant crowding of bile ducts and blood 
vessels is seen. 205 Due to the propensity for local invasion, these 
tumours may infiltrate adjacent vessels, with portal venous involve¬ 
ment detected on conventional US with colour Doppler imaging in 
50% of cases. 206 Intraductal tumours may show wall thickening or 
resemble polypoidal masses but are difficult to appreciate on 
imaging due to small size. Mass-forming CCs appear as a solid 
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Figure 10.19 Poorly differentiated hepatoma is iso- to 
hypoechoic at baseline (A), with hyper-enhancement in the arterial 
phase (B) and iso-enhancement in the portal venous phase (C) and 
washout in the late phase (D), which is better visualised on CHIRP 
mode (a frequency-modulated coded excitation that increases the 
signal to noise ratio of the ultrasound image leading to superior 
image quality and depth penetration) compared with power 
modulation mode in the late phase (E). 


mass with irregular borders and variable echogenicity on conven¬ 
tional US with no specific imaging features. Small CCs often appear 
hypo- or isoechoic while larger CCs are generally inhomogeneous 
with mixed echogenicity. 100 Small satellite nodules neighbouring 
the primary tumour are a recognised finding. Ancillary findings 
that may aid diagnosis if present include peri-lesional bile duct 
dilatation (seen in up to 30% of cases) and capsular retraction. 207 

Khalili et al. 208 found that detection and staging of hilar CCs were 
improved by the use of a first-generation US contrast agent (Levo- 
vist) in the post-vascular phase of US compared with conventional 
US. Similar data using second-generation USCAs with low MI tech¬ 
nique are lacking although it is reasonable to assume similar if not 
superior results as more information can be obtained by real-time 


interrogation of the tumour in the various vascular phases. On low 
MI CEUS, intrahepatic CCs typically demonstrate peripheral irreg¬ 
ular rim-like enhancement during the arterial phase and hypo- 
enhancement during the late phase. 13,53,209-211 Three other reported 
patterns of arterial enhancement are also seen on CEUS for 
intrahepatic CCs. 209 Chen et al. 209 retrospectively studied 40 
pathologically proven intrahepatic CCs in 40 patients who 
underwent both CEUS and triphasic CT. The authors found that 
in the arterial phase, intrahepatic CCs demonstrated (i) peripheral 
irregular rim-like enhancement (47.5%), (ii) diffuse heterogeneous 
hyper-enhancement (22.5%), (iii) diffuse homogeneous hyper¬ 
enhancement (12.5%) and (iv) diffuse heterogeneous hypo- 
enhancement (17.5%). The arterial phase patterns on CEUS 
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Figure 10.20 Classic well-differentiated hepatoma within a 
dysplastic nodule showing hyper-enhancement of the right side 
portion of the lesion in the arterial phase (A) and iso-enhancement 
in the portal venous (B) and late phases (C). 





Figure 10.21 Cholangiocarcinoma, which appears as a filling defect in the portal venous (A) and late phases (B) associated with biliary 
dilatation. 


correlated well with those on contrast-enhanced CT. The authors 
postulated that the different enhancement patterns may relate to 
different pathological components in the tumour. 209,212 Concentra¬ 
tion of tumour cells in the lesion periphery with fibrosis in the 
lesion centre may give rise to the peripheral rim-like enhancement 
pattern seen in the majority of intrahepatic CCs. Tumour may show 
diffuse enhancement if the major component is tumour cells and 
there is no central fibrosis. When there is abundant fibrous stroma, 
the tumour may show arterial hypo-enhancement. The authors also 
found that the enhancement pattern correlated with tumour size - 
smaller lesions had a trend towards homogeneous hyper-enhance¬ 
ment while larger tumours showed variable enhancement patterns. 


This finding may relate to pathological changes that occur as the 
tumour increases in size such as compression of central vessels 
resulting in central hypovascularity or necrosis. 213 

On portal venous and late phase scanning, the vast majority of 
intrahepatic CCs demonstrate washout on CEUS 13,53,209-211 
(Fig. 10.21). These findings are discordant with contrast-enhanced 
CT, which generally shows tumour iso- to hyper-enhancement in 
the late phase. 209,210 This difference may be explained by considering 
the different properties of the CT and US contrast media. USCAs 
are purely intravascular agents with no flow outside the vascular 
bed whereas CT contrast agents have both an intra- and extravas- 
cular distribution with flow into the interstitium to reach an 
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equilibrium state. 214,215 Therefore, in the late post-contrast phase, the 
fibrous component of the tumour will appear hypo-enhancing on 
CEUS and hyper-enhancing on contrast-enhanced CT. 

The enhancement pattern of intrahepatic CCs may overlap those 
of HCC and metastases with potential for misdiagnosis. Diffuse 
hyper-enhancement in the arterial phase followed by portal venous 
and late phase washout can be seen in both HCC and intrahepatic 
CCs. Hypovascular metastases, especially from adenocarcinomas 
of the gastrointestinal tract, may show peripheral rim-like enhance¬ 
ment similar to that of intrahepatic CCs. 216,217 In these cases, the 
background clinical history (such as the presence of underlying 
primary malignancy, hepatitis virus infection, etc.), relevant labora¬ 
tory data (such as elevation of serum AFP and other serum tumour 
markers), pertinent additional imaging findings (such as evidence 
of metastatic disease elsewhere in the body, morphological evi¬ 
dence of cirrhosis or associated peri-lesional biliary dilatation) may 
be useful discriminating factors. 

Hepatic lymphoma 


Liver involvement by lymphoma usually occurs in the context of 
the presence of lymphomatous tissue elsewhere in the body (sec¬ 
ondary hepatic lymphoma). Primary hepatic lymphoma is very 
rare, with approximately 100 cases reported worldwide. In com¬ 
parison, secondary hepatic lymphoma is not uncommon. It occurs 
in approximately 3-14% of newly diagnosed cases, whereas at 
autopsy; it is found in 50-80% of patients with Hodgkin's or non- 
Hodgkin's lymphoma. 218,219 Conditions associated with an increased 
risk for development of lymphoma include HIV/ AIDS, hepatitis C, 
organ transplantation and immunosuppression. Liver involvement 
in patients with AIDS-related non-Hodgkin's lymphoma has been 
reported to occur in 26-45% of cases. 220-222 A recent meta-analysis 
revealed that hepatitis C virus (HCV) prevalence in patients with 
non-Hodgkin's lymphoma was 15%, as opposed to 1.5% in the 
general population and 2.9% in patients with other haematological 
malignancies, implying a causative role of HCV in non-Hodgkin's 
lymphoma. 223 Post-transplant lymphoproliferative disorder (PTLD) 
is a serious condition that occurs in 2-10% of all organ transplant 
recipients as a result of chronic immunosuppression, 224 which leads 
to an unregulated expansion of lymphoid proliferation. The disor¬ 
der ranges from plasma cell hyperplasia through premalignant 
polymorphic B cell proliferation to malignant monoclonal lym¬ 
phoma. 225 In most cases, the disorder results from Ebstein-Barr 
virus induced B-cell lymphoproliferation unopposed by the host's 
pharmacologically suppressed T-cell system. The abdomen is the 
most common site involved by PTLD (may be the only site involved 
in up to 50% of cases) and the liver the most common abdominal 
organ affected. 226,227 

There are three established morphological patterns of hepatic 
lymphoma involvement: (i) solitary hepatic mass, (ii) multifocal 
nodules, and (iii) diffuse infiltrative disease. 228 Primary hepatic lym¬ 
phoma (usually non-Hodgkin type) most commonly presents as a 
solitary mass in 55-60% of cases. 229 Secondary hepatic lymphoma 
most commonly presents with multiple nodular liver masses in the 
context of lymphadenopathy elsewhere in the body. Diffuse infiltra¬ 
tive involvement is the most infrequent of the three types and has 
the worst prognosis. A fourth type of extremely rare hepatic lym¬ 
phoma involvement has also been reported. There are three case 
reports of lymphoma presenting as a periportal mass tracking into 
the liver; two cases were identified on contrast-enhanced CT 218,230 
and one case on CEUS. 231 On conventional US, hepatic lesions are 
typically hypoechoic, which is thought to be related to the uniform 
cellularity of lymphoma without significant background stroma. 232 
Posterior acoustic enhancement, typically less than that of a cyst, 
may also be seen due to the uniformity of the tumour. 100 Lesions 
may also appear almost anechoic and septated and mimic abscesses, 
appear nearly isoechoic relative to hepatic parenchyma, or be 
hypoechoic with a central echogenic focus and mimic metastatic 
disease. 233 On CEUS, liver infiltrates of lymphoma behave like 


hypovascular metastases showing some degree of mild peripheral 
rim-like arterial enhancement with rapid washout and subsequent 
hypoechogenicity in the portal venous and late phases with pro¬ 
gressive increase in lesion conspicuity 234 (Fig. 10.22). 

Rare malignant lesions 


Fibrolamellar hepatocellular carcinoma 

Fibrolamellar HCC is a rare primary hepatic malignancy first 
described by Edmonson in 1956. 235 Clinical, pathological and 
imaging studies have established it as a distinct entity from conven¬ 
tional HCC by its morphology and biological behaviour. 236,237 Clini¬ 
cally, fibrolamellar HCC occurs in young patients while the majority 
of cases of conventional HCC are diagnosed in patients older than 
40 years of age. The disease has a unimodal distribution, beginning 
in late adolescence, with a peak incidence at 24.8 ± 13 years. 238 It has 
no sex bias but is more common in white people. The typical risk 
factors for conventional HCC such as cirrhosis, viral hepatitis, 
excessive alcohol consumption and metabolic disease are generally 
absent in patients with fibrolamellar HCC. Serum tumour markers 
such as AFP are typically not elevated. Histologically, the disease 
is composed of well-differentiated malignant hepatocytes with 
deeply eosinophilic and granular cytoplasm due to the presence of 
numerous mitochondria associated with thick fibrous lamellae 
throughout the tumour. 239 Prognosis is better for fibrolamellar HCC 
than conventional HCC with increased length of survival observed, 
even after adjusting for age of cancer diagnosis and other demo¬ 
graphic data. 240 

On imaging fibrolamellar HCC usually appears as a solitary well- 
defined lobulated mass (in 80-90% of cases) with an average size 
of 9-12 cm (ranges from 5-20 cm). 241 It has a central scar in 20-71% 
of cases, which is typically large and may be broad or stellate, 
eccentric or central. 241 Calcifications are typical and occur in 35-68% 
of cases and may be punctate, nodular or stellate and are usually 
located near the tumour centre. 241 Unlike FNH, calcification within 
the central scar of a fibrolamellar HCC is a relatively common 
finding. On conventional US, the tumour has a variable echo texture 
with mixed echogenicity found in 60% of cases with predominance 
of hyperechoic or isoechoic components. 242 On US the central scar 
is typically hyperechoic but US is less successful in demonstrating 
central scars, with 33-60% of scars detected at US compared to CT 
and pathological analysis. 243 The central scar in FNH is typically 
hypervascular while in fibrolamellar HCC it is typically hypovas¬ 
cular but may show mild gradual contrast enhancement in the late 
phase. Fan et al. 244 described a case of fibrolamellar HCC imaged 
with CEUS. This demonstrated rapid tumour enhancement in the 
arterial phase with abnormal vessels of septum distribution seen 
followed by washout in the portal venous phase. The rarity of this 
tumour and paucity of cases studied by CEUS does not permit more 
detailed evaluation of its enhancement features on CEUS. 

Epithelioid haemangioendothelioma 

This is a rare malignant vascular hepatic tumour characterised by 
the epithelioid appearance of its neoplastic cells, which accounts for 
its name. 245 It originates from vascular endothelial cells and spindle 
cells. It should not be confused with infantile haemangioendothe¬ 
lioma, which is a separate entity and is histologically benign and 
occurs exclusively in infants and young children and resolves spon¬ 
taneously in many cases. Prognosis in epithelioid haemangioen¬ 
dothelioma is variable and unpredictable. While 20% of patients die 
within the first 2 years after presentation, another 20% have 
extended survival of 5-28 years, regardless of whether they undergo 
treatment. Metastatic disease does not preclude a long survival. 246 

Epithelioid haemangioendotheliomas are often multiple and 
peripherally located and can cause capsular retraction secondary to 
tumour desmoplasia. 233 The lesions may coalesce over time. Lesions 
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Figure 10.22 Lymphoma is hypoechoic at baseline (A) along the 
peri-portal tracking which is hyper-enhancing in the arterial phase 
(B) and hypo-enhancing in the portal venous phase (C). 


are typically hypoechoic, which correlates with the central core of 
myxoid stroma. The combination of hypoechoic coalescent periph¬ 
eral hepatic masses with capsular retraction is highly suggestive of 
diagnosis. 232 On CEUS, the mass typically shows irregular intra- 
tumoral vessels and diffuse or peripheral hypervascularity during 
the arterial phase and rapid washout in the portal venous phase, 
especially in the peripheral zone compared to the central zone. 233 
The entire lesion shows washout eventually on CEUS whereas on 
CT or MRI, the peripheral zone enhancement persists or enlarges 
gradually over time. Similar to cholangiocarcinoma, this tumour 
has a rich fibrous stroma and the discordance between findings on 
CEUS and contrast-enhanced CT and MRI can be attributed to the 
different properties of the contrast media. Quaia et al. 1 found a case 
of a histologically proven low-grade malignant epithelioid haeman- 
gioendothelioma, which had an atypical enhancement pattern sug¬ 
gestive of a benign lesion. On conventional US and colour Doppler 
imaging, the tumour appeared hypoechoic with a peripheral vessel. 
On CEUS, there was homogeneous tumour contrast enhancement 
during the arterial and portal venous phases with persisting 
enhancement present in the late phase. The two reviewers in the 
study erroneously categorised this lesion as being benign. 

Biliary cystadenocarcinoma 

Biliary cystadenoma is a rare malignant cystic neoplasm that may 
arise de novo or be the end product of malignant degeneration in 
a benign biliary cystadenoma. It cannot be confidently separated 
from biliary cystadenoma on imaging due to overlap of imaging 
findings and so surgical excision is generally recommended for 
both pathologies. On US, biliary cystadenoma usually presents as 
a multiloculated cystic mass. Mural nodularity within the wall or 


septations of the cystic lesion and thick coarse calcifications are 
suggestive of cystadenocarcinoma as these are rare in cystade¬ 
noma. 247 CEUS may reveal wall and septal enhancement during the 
arterial phase, with mural or septal nodule enhancement. During 
the portal and late phases, contrast washout is seen. 117 
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LIVER BIOPSY 


Liver biopsy (LB), and thus histological assessment of the liver, has 
been used as a method for diagnosing parenchymal liver diseases 
since the mid-1940s, well before the development of the sophisti¬ 
cated imaging techniques and sensitive blood tests now routinely 
used to improve diagnostic accuracy. 1 Although these non-invasive 
techniques have in many instances replaced liver histology, LB 
remains an essential tool in the diagnosis and management of 
parenchymal liver diseases. 2 Moreover, the use of LB is increasing 
with the advent of liver transplantation and the progress being 
made in antiviral therapeutic agents. While blind percutaneous 
needle biopsy is the traditional technique, the use of ultrasound 
(US) guidance has increased considerably. Histological assessment 
can be performed even on a focal liver lesion, when a patient's 
overall clinical picture, together with imaging features, are not suf¬ 
ficient to establish a diagnosis. Image guidance is needed whenever 
biopsy has to be performed on a focal liver lesion. 2 All LB tech¬ 
niques require specific training to ensure appropriate-sized speci¬ 
men retrieval and the lowest rate of complications. 

Technique 


Currently, there are three techniques for performing an LB: percu¬ 
taneous, transjugular and laparoscopic. The percutaneous LB can 
be performed blind, US guided or US assisted 2-4 (Table 11.1). 


Percussion-palpation approach 

The percussion-palpation approach is sometimes referred to as the 
blind approach. Percutaneous LB is usually performed with the 
patient in the supine position, close and parallel to the edge of 
the bed, with the patient's right hand positioned behind the head. 5 
Caudal percussion is helpful in selecting the site for the biopsy over 
the hemithorax between the anterior and midaxillary lines, until an 
intercostal space is reached where dullness is maximal at the end 
of expiration. The intercostal space below this point is used. Local 
infiltration with lidocaine 1-2% (without adrenaline) is usually per¬ 
formed to ensure that this area is well anaesthetised. The total 
length of time required to pass the biopsy needle into and then 
remove it from the liver is usually 2-3 seconds. The specimen is 
then discharged from the needle into a 10% formaldehyde 
solution. 5 


Image-guided approach 

The LB can be performed under imaging control or guidance using 
US, computed tomography or magnetic resonance imaging. US is 
the most common imaging modality used because it is readily and 
widely available, simple, the least costly and does not expose the 
patient to radiation. When US is used in obtaining the LB, it is done 
either immediately before (site marking) or throughout the entire 
procedure (real-time). 2,3 Local infiltration with lidocaine 1-2% 
(without adrenaline), as mentioned above, is usually performed. 
Prebiopsy US helps to detect focal hepatic tumours (benign or 
malignant), cysts, ascites, intrahepatic biliary dilatation or hepatic 
anatomical variation. For focal hepatic lesions, it is an accepted 
standard of practice that image guidance is used in order to guide 
and direct the LB. 6,7 Although right lobe biopsy is the usual biopsy 
site in patients with diffuse disease, the choice of where to biopsy 
the liver using imaging guidance varies according to the operator. 
The intercostal approach does not usually require an extreme 
breath hold. This approach is associated with a small risk of inter¬ 
costal artery puncture, which can be minimised by inserting the 
needle over the cephalad rather than the caudad aspect of the rib. 
Although the intercostal approach is typically closer to the costo- 
phrenic sulci, the lung can be easily avoided because it is readily 
visible as an echogenic structure on US. 2 

■ Ultrasound-assisted approach. This approach is sometimes also 
referred to as site marking. The US is performed immediately 
before the LB, an optimal site is identified on the skin, and the 
distance from the skin to any large hepatic vessels or ducts is 
measured. In this way, a reasonably precise measurement of 
the depth needed to be reached by the biopsy needle is 
determined 2,3 (Fig. 11.1). 

■ Ultrasound-guided approach. Under real-time US guidance, the 
liver and biopsy needle are imaged throughout the procedure. 
This is usually achieved by utilising an automated biopsy 
device that can be operated with one hand while the US 
probe is held with the other hand. 3,8 US-guided approach is 
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Figure 11.1 US-assisted liver biopsy. The right liver lobe is Figure 11.2 US-guided liver biopsy. The focal liver lesion in 

visualised with US with an intercostal approach. A peripheral portion segment VII is visualised at US, with an intercostal approach. A 
of the liver, not including major vessels, is chosen to perform 20-gauge spring-loaded automated cutting needle in placed within 

US-assisted liver biopsy and the needle path is planned (dotted the lesions under US guidance, 
line). 


Table 11.1 Techniques for performing liver biopsy 

Percutaneous 


1. Percussion- 
palpation guided 
or blind 

The most appropriate biopsy site is 
determined on the basis of clinical 
examination 

2. Image guided: 

Liver biopsy site is performed 
under imaging (US, computed 
tomography, magnetic resonance) 
guidance 

US guided 

The most appropriate biopsy site is 
determined by US before the 
biopsy 

US assisted 

The most appropriate biopsy site is 
determined by US and US is used 
in real-time for tissue procurement 

Transjugular or 
transvenous 

Biopsy is accomplished through a 
jugular or femoral venous approach 
under fluoroscopic guidance 

Laparoscopic 

Biopsy is accomplished through a 
laparoscopic approach under direct 
vision 


US, ultrasound. 


needed whenever a mass lesion biopsy has to be performed 
(Fig. 11.2). Manolakopoulos et al., in a retrospective study, 
showed that the US-assisted approach is as safe as US-guided 
approach and both obtained adequate specimens for 
histological diagnosis. 9 


Type of needle 

The LB devices used most widely today for diagnosis and manage¬ 
ment of patients with parenchymal liver disease are the core¬ 
aspiration needles (Menghini, Jamshidi or Klatskin) and sheathed 
cutting needles (either manual or spring-loaded, often referred to 
as a Tru-cut style' in reference to one of the earliest cutting devices). 
Newer automated versions of this latter type have recently emerged, 
allowing variable pitch and specimen length. The cutting needle 
devices generally pass into the liver parenchyma using a troughed 
needle before an outer sheath or hood slides over this to secure a 
core of tissue. Usually the choice of the biopsy instrument/needle 
is based on operator preference, instrument availability and clinical 
scenario. 2,10 Tru-cut needles are superior to aspiration-type needles 
in patients with fibrosis or cirrhosis. 11 The average length of the 
tissue specimen is greater when obtained with an automatic cutting 
biopsy needle compared with the Tru-cut needle. 12,13 The risk of 
bleeding was reported to be higher when the cutting-type needle 
was used, 14,15 while in a prospective study this risk was not affected 
by the type of needle used. 16 Spring-loaded automated guns are 
used with greater ease and a shorter intrahepatic phase, and accom¬ 
plish biopsies without the 'jabbing motion' associated with non- 
automated needles. Nowadays, in clinical practice, spring-loaded 
devices are the most widely used needles. 3 

The quality of the specimen 

The quality of LB specimen is usually determined by length, width, 
fragmentation and complete portal tracts (CPTs). 17 The concept of 
the quality of an LB specimen has recently emerged as a critical 
factor in the assessment of the grade and stage of the liver disease 
in patients with chronic viral hepatitis. Nowadays, the number of 
CPTs is considered to be crucial for reliable grading and staging, 
and it is generally accepted that an optimal LB specimen is 
defined as being 20-25 mm long and/or containing more than 
11 CPTs. 18 - 20 





Liver biopsy 


Large-needle biopsy (>19-gauge needles) is used for diffuse liver 
disease, whereas fine-needle biopsy (FNB) (20-gauge needles or 
smaller) is used for the investigation of focal liver lesions. 21 The 
biopsy size influences the histological grading and staging of 
chronic viral hepatitis, as FNB carries a higher risk of inadequate 
tissue specimen, and according to some authors would underesti¬ 
mate the grade and stage. 19,21,22 In contrast, Petz et al. concluded that 
the grading and staging of chronic hepatitis is feasible also with 
FNB. 23 In fibrosis and cirrhosis, automated biopsy needle devices 
provide better quality tissue compared with aspiration-type 
needles. Hence, clinicians should be encouraged to use automated 
needles once advanced fibrosis or cirrhosis is suspected. 13 

Experimental studies showed that the larger the calibre of the 
needle, the greater the absolute blood loss after LB in a porcine 
model. 24,25 However, because more tissue can be recovered and 
because fewer passes are necessary, the chance of complications is 
reduced despite the greater amount of blood loss and therefore the 
use of larger-calibre needles is considered more efficient. Other 
studies concerning the size of the needle in connection with the rate 
of haemorrhagic complications, performed in humans, did not 
show any difference. 26 It has been demonstrated that taking more 
than one biopsy can increase the diagnostic value, but may have an 
effect on morbidity. 27-31 However, in a study performed by Riley on 
165 patients, multiple passes were necessary in only 1.8% of cases 
(noting that a low multiple pass rate was observed when applying 
ultrasound guidance) 29 From a practical point of view, the visual 
inspection of the hepatic fragment obtained by LB represents the 
guarantee that enough histological material was obtained. If the 
size of the specimen is considered inadequate, another hepatic pass 
in the same session should be performed, rather than take a new 
biopsy later. 

After the collection, the specimen should be fixed in 10% neutral 
buffered formalin or other fixative preferred by the local laboratory, 
because this will usually allow the full range of stains, both routine 
histochemical (haematoxylin and eosin and Masson trichrome) and 
immunohistochemical. 2 



Figure 11.3 Non-invasive evaluation of liver fibrosis by means 
of elastography. Elastography of a portion of the liver is performed 
under US guidance by means of acoustic radiation force-based 
imaging (ARFI). The velocity value of 1.38 indicates moderate 
fibrosis. 


Indications 

Diagnosis 

• Parenchymal disease. 

• Focal lesion - not always needed. 

Prognosis 

• Severity of disease. 

Treatment 

• Treatment planning and prognosis of diffuse liver disease. 

• Management of patients post liver transplantation. 


Indications 


LB has currently three major roles: (a) for diagnosis of diffuse or 
focal disease and mass lesions, (b) for assessment of prognosis and 
(c) to assist in making therapeutic management decisions. 2 

Diagnosis 

Liver histology, in conjunction with the full gamut of clinical and 
laboratory data, is considered to establish a diagnosis in multiple 
parenchymal liver diseases (acute and chronic hepatitis, cholestatic 
disorders, fatty liver disease, vascular diseases, infiltrative or 
storage diseases, etc.). Moreover it plays a fundamental role in the 
management of the patient with a diagnostic dilemma. This includes 
the patient with abnormal liver tests of unknown aetiology, or the 
patient in whom a specific liver disease has been considered but 
has not yet been confirmed. 2 

The use of LB for evaluation of focal liver disease (i.e. a lesion 
detected by imaging) is highly variable. However, almost always it 
depends on the specific clinical scenario. 2 Lor example, evaluation 
of mass lesions requires consideration of whether the patient has 
any known underlying liver disease or whether the patient has a 
known parenchymal liver process. In patients with underlying liver 
disease, especially cirrhosis, the overriding concern is with hepato¬ 
cellular carcinoma (HCC). This diagnosis can be made in patients 
with a typical lesion (usually >1 cm in size, with a typical vascular 
pattern seen with dynamic imaging techniques). 32 In lesions with 
atypical behaviour, liver biopsy is advised. In patients without 
underlying liver disease, focal liver lesions are usually represented 
by benign lesions, most often solitary, but on occasion multiple. Lor 
the most part, these should have sufficient distinguishing charac¬ 
teristics on high quality imaging modalities such that liver biopsy 


is unnecessary. When a patient's overall clinical picture together 
with imaging features are not sufficient to establish a diagnosis, 
liver biopsy is advised. 2 

Prognosis 

A further important use of liver biopsy is in assessing disease sever¬ 
ity, notably fibrosis, which is strongly related to prognosis. 2 


Currently, LB is used more than ever to develop treatment strate¬ 
gies. This has evolved because of the many new therapies available 
for patients with a variety of liver disease. Not only can a treatment 
plan be instituted in a patient after a specific diagnosis is made, but 
among those with established liver disease, treatment may be predi¬ 
cated on the specific histological lesion. 33-35 

Assessment of liver histology can be also an essential component 
of management of patients following liver transplantation. It is 
often important to make a specific diagnosis in the setting of liver 
test abnormalities early after transplantation to investigate allograft 
rejection, preservation or reperfusion injury, drug-induced liver 
injury (usually recurrent) viral infection, or bile duct injury. 2 LB is 
also often helpful in the setting of late allograft dysfunction, includ¬ 
ing investigating the possibility of recurrence of the original 
disease. 36,37 

It is important to emphasise that the role of histological analysis 
of the liver in the management of patient with liver disease is likely 
to evolve over time, particularly as non-invasive modalities for 
assessment of liver fibrosis, such as transient elastography (Libros- 
can) and acoustic radiation force impulse (ARLI) imaging, are posi¬ 
tioned more in the mainstream. 38,39 (Lig. 11.3). 


Treatment 


169 
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Patient management 


Currently, LB is typically undertaken on an outpatient or 'same 
day' basis. Indications for, benefits, risks and alternatives of LB 
have to be discussed with the patient. Written informed consent 
should be obtained prior to LB. 2 

Pre-biopsy testing includes measurement of the complete blood 
count, including platelet count, prothrombin time (PT) / interna¬ 
tional normalised ratio (INR). In some institutions the activated 
partial thromboplastin time and/or cutaneous bleeding time at a 
suitable juncture prior to the biopsy are requested. A prothrombin 
time ratio (normal time/patient's time) >50% and a platelet count 
higher than 50000/pL are required to keep the risk of bleeding at 
an acceptably low level. 2 

Usual daily activities may be undertaken up until the day preced¬ 
ing liver biopsy. Following the procedure, patients are encouraged 
to rest quietly. Many physicians recommend that patients who live 
more than 1 hour travelling distance by car from the centre remain 
close by that evening, in case of potential late complication. 
However, in the absence of an evident complication or significant 
pain that necessitates use of potent analgesia, there should be no 
restriction upon return to work the following day. Patients are 
discouraged from lifting weights for a minimum of 24 hours, 
because this may increase intra-abdominal pressure and in theory 
could facilitate bleeding from the puncture site. 2 

An important issue surrounds management of antiplatelet (i.e. 
aspirin, ticlodipine, clopidogrel, Ilb/IIIa receptor antagonists, non¬ 
steroidal anti-inflammatory drugs) and/or anticoagulant drugs 
(i.e., warfarin) before and after the time of liver biopsy. According 
to the American Association for the Study of Liver Diseases 
antiplatelet medications should be discontinued several to 10 days 
before liver biopsy. Antiplatelet therapy may be restarted 48-72 
hours after liver biopsy. Even anticoagulant medications should be 
discontinued prior to liver biopsy. Warfarin should generally be 
discontinued at least 5 days prior to liver biopsy. Heparin and 
related products should be discontinued 12-24 hours prior to 
biopsy. Warfarin may be restarted the day following liver 
biopsy. 2 ' 40 ' 41 

Routine placement of an intravenous cannula prior to the proce¬ 
dure is practised in many facilities as a precaution should there be 
significant pain and/or bleeding after the procedure. 2 

Once liver biopsy has been accomplished, the patient then rests 
quietly and is carefully observed by experienced nursing staff. The 
patient is often placed in the right lateral decubitus position (to 
allow the liver to rest against the lateral abdominal wall and thereby 
limit bleeding), although this is largely performed as a result of 
longstanding clinical practice. 42 The risk of bleeding is greatest 
immediately after liver biopsy; thus, it is recommended that patients 
be observed carefully over the first 2-3 hours after biopsy. 31,43 

Complications 


The reported complications range from minor (pain and transient 
hypotension) to major, including (a) haemorrhage (intraperitoneal, 
intrahepatic, haemothorax); (b) perforation of the gallbladder or the 
colon; (c) pneumothorax; and (d) intrahepatic arteriovenous fistula. 
Significant bleeding and bile peritonitis are serious complications 


Pre-biopsy testing 

• Blood count, including a platelet count. 

• Prothrombin time. 

• Antiplatelet medications stopped for several to 10 days prior to 
biopsy. 

• Warfarin stopped for 5 days prior to biopsy. 

• Heparin stopped for 12-24 hours prior to biopsy. 

• Corrective measures may be needed if a biopsy is urgent. 


and may lead to mortality. Severe bleeding (requiring hospitalisa¬ 
tion, the likelihood of transfusion, or even radiological intervention 
or surgery) has been estimated to occur in between 1 in 2500 and 1 
in 10000 biopsies after an intercostal percutaneous approach for 
diffuse, non-focal, liver disease. Less severe bleeding, defined as 
that sufficient to cause pain or reduced blood pressure or tachycar¬ 
dia, but not requiring transfusion or intervention, occurs in approx¬ 
imately 1 in 500 biopsies. Mortality after LB is usually related to 
haemorrhage. Despite a wide variation in the literature, the most 
commonly quoted mortality rate is less than or equal to 1 in 10000 
liver biopsies. 14 ' 15,17,28 ' 31 ' 44-48 

A large retrospective multicentric study demonstrated that 61% 
of the complications appeared in the first 2 hours after the biopsy, 
82% in the first 10 hours and 96% in the first 24 hours after biopsy. 14 
Some studies showed that the rate of complications is similar in 
outpatients and inpatients. 15,49 

Differences in complication rates, either minor or major, have 
been reported between the blind and US-guided LB. The mortality 
rate from blind LB is 0.01-0.1%. 14,15,44 The use of US guidance can 
prevent inadvertent puncture of other organs or large intrahepatic 
vessels. US may also reduce the incidence of major complications 
such as haemorrhage, bile peritonitis, pneumothorax, etc. Caturelli 
et al. have shown that, when compared with a historical control 
group from within their institution, there was an overall statistically 
significant decrease in complications when US was used (0.53% 
versus 2.1% in the historical control group, p < 0.05). 50 Moreover, it 
has been demonstrated that US-guided LB causes significantly less 
biopsy pain and significantly less pain-related morbidity. 50,51 

The relationship between LB complications and the number of 
needle passes is well documented. 15 The frequency of complications 
increases with the number of passes performed at a rate of 26.4%, 
with one pass versus 68% with two or more passes (p < 0.001). 28 

A recent meta-analysis of best available evidence concludes that 
the use of US-guided biopsy is superior to blind needle biopsy. The 
odds ratios of the controlled studies showed that blind needle 
biopsy carried a higher risk for major complications, post-biopsy 
pain and biopsy failure. 3 

When a malignant focal liver lesion is biopsied, the procedure is 
associated with a risk of tumour spread usually along the biopsy 
track. 52,53 Although potentially a devastating complication, espe¬ 
cially in transplant candidates where immunosuppression may 
predispose to seeded tumour growth, this risk is almost certainly 
overstated in earlier literature. For example, in a recent retrospec¬ 
tive study of patients undergoing image-guided biopsy of a lesion 
suspicious for HCC, HCC was diagnosed by biopsy in 74 (63%) of 
118 cases, and an additional 10 were found to have HCC on follow¬ 
up; no patient developed evidence of tumour spread along the 
needle track. 54 Biopsy and/or aspiration of infectious lesions is gen¬ 
erally safe. It has been suggested that the presence of an echinococ- 
cal cyst (hydatid disease) represents an absolute contraindication to 
biopsy because it is known that piercing of an echinococcal cyst 
may be associated with fatal anaphylaxis. However, available data 
suggest that careful aspiration of these lesions with 19-gauge 
to 22-gauge needles is relatively safe. Nevertheless, if suspected, 
some consideration and preparation for possible anaphylaxis is 
warranted. 55 


Complications of liver biopsy 

• Bleeding - peritoneal, intraparenchymal and thoracic. 

• Bile peritonitis. 

• Damage to colon or gallbladder. 

• Pneumothorax. 

• Arteriovenous fistula. 

• Mortality related to bleeding 1 :10000. 

• Overall complication rate 0.5-2.0% depending on technique. 

• Ultrasound-guided biopsy causes less pain and has the lowest 
complication rate. 
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RADIOFREQUENCY ABLATION 


The development of image-guided percutaneous techniques for 
local tumour ablation has been one of the major advances in the 
treatment of liver malignancies. Among these methods, radio¬ 
frequency (RF) ablation is currently established as the primary 
ablative modality at most institutions. RF ablation is accepted as 
the best therapeutic choice for patients with early-stage HCC when 
liver transplantation or surgical resection are not suitable 
options. 56,57 In addition, RF ablation is considered as a viable alter¬ 
native to surgery for inoperable patients with limited hepatic 
metastatic disease, especially from colorectal cancer, in patients 
deemed ineligible for surgical resection, because of extent and loca¬ 
tion of the disease or concurrent medical conditions. 56,58 

Technique 


Principles 

The goal of RF ablation is to induce thermal injury to the tissue 
through electromagnetic energy deposition. In RF ablation, the 
patient is part of a closed-loop circuit that includes an RF generator, 
an electrode needle and a large dispersive electrode (ground pads). 
An alternating electric field is created within the tissue of the 
patient. Because of the relatively high electrical resistance of tissue 
in comparison with the metal electrodes, there is marked agitation 
of the ions present in the target tissue that surrounds the electrode, 
since the tissue ions attempt to follow the changes in direction of 
alternating electric current. The agitation results in frictional heat 
around the electrode. The discrepancy between the small surface 
area of the needle electrode and the large area of the ground pads 
causes the generated heat to be focused and concentrated around 
the needle electrode. 59 The thermal damage caused by RF heating 
is dependent on both the tissue temperature achieved and the dura¬ 
tion of heating. Heating of tissue at 50-55°C for 4-6 minutes pro¬ 
duces irreversible cellular damage. At temperatures between 60 
and 100°C near immediate coagulation of tissue is induced, with 
irreversible damage to mitochondrial and cytosolic enzymes of the 
cells. At more than 100-110°C, tissue vaporises and carbonises. 

For adequate destruction of tumour tissue, the entire target 
volume must be subjected to cytotoxic temperatures. Thus, an 
essential objective of ablative therapy is achievement and mainte¬ 
nance of a 50-100°C temperature throughout the entire target 
volume for at least 4-6 minutes. However, the relatively slow 
thermal conduction from the electrode surface through the tissues 
increases the duration of application to 10-20 minutes. On the other 
hand, the tissue temperature should not be increased over these 
values to avoid carbonisation around the tip of the electrode due to 
excessive heating. Another important factor that affects the success 
of RF thermal ablation is the ability to ablate all viable tumour tissue 
and an adequate tumour-free margin. The most important differ¬ 
ence between surgical resection and RF ablation of hepatic tumours 
is the surgeon's insistence on a 1 cm wide tumour-free zone along 
the resection margin. To achieve rates of local tumour recurrence 
with RF ablation that are comparable to those obtained with hepatic 
resection, physicians should produce a 360°, 1 cm thick tumour-free 
margin around each tumour. 60 This cuff will assure that all micro¬ 
scopic invasions around the periphery of a tumour have been eradi¬ 
cated. Thus, the target diameter of an ablation should ideally be 
2 cm larger than the diameter of the tumour that undergoes 
treatment. 60 

Heat efficacy is defined as the difference between the amount of 
heat produced and the amount of heat lost. Therefore, effective 
ablation can be achieved by optimising heat production and mini¬ 
mising heat loss within the area to be ablated. The relationship 
between these factors has been characterised as the bio-heat equa¬ 
tion. The bio-heat equation governing RF-induced heat transfer 
through tissue has been described by Pennes 61 and subsequently 


simplified to a first approximation by Goldberg and colleagues 59 as 
follows: 

Coagulation = energy deposited x local tissue interactions - heat loss. 

Heat production is correlated with the intensity and duration of 
the RF energy deposited. Tissues cannot be heated to greater than 
100-110°C without vaporising, and this process produces signifi¬ 
cant gas that both serves as an insulator and retards the ability to 
effectively establish an RF field. On the other hand, heat conduction 
or diffusion is usually explained as a factor of heat loss in regard 
to the electrode tip. Heat is lost mainly through convection by 
means of blood circulation. These processes, together with the rapid 
decrease in heating at a distance from the electrode, essentially limit 
the extent of induced coagulation from a single, unmodified 
monopolar electrode to no greater than 1.6 cm in diameter. There¬ 
fore, most investigators devoted their attention to strategies that 
increase the energy deposited into the tissues and several corpora¬ 
tions have manufactured new RF ablation devices based on techno¬ 
logic advances that increase heating efficacy. To accomplish this 
increase, the RF output of all commercially available generators has 
been increased to 150-250 W, which may potentially increase the 
intensity of the RF current deposited at the tissue. Multiple or multi- 
tined expandable electrodes permit the deposition of this energy 
over a larger volume and ensure more uniform heating that relies 
less on heat conduction over a large distance. Internally cooled 
electrodes have been designed to minimise carbonisation and gas 
formation around the needle tip by eliminating excess heat near the 
electrode. Moreover multi-tined micro-perfused electrodes have 
been introduced: administration of saline solution - at a very low 
rate - during the application of RF current increases tissue conduc¬ 
tivity and thereby allows greater deposition of RF current and 
increased tissue heating and coagulation. 62 

Inadequate coagulation can be the result of the other two ele¬ 
ments of the 'bio-heat equation': (a) heterogeneity of tissue compo¬ 
sition, by which differences in tumour tissue density, including 
fibrosis and calcification, alter electrical and thermal conductance; 
and (b) blood flow, by which perfusion-mediated tissue cooling 
(vascular flow) reduces the extent of thermally induced coagula¬ 
tion. These limitations have led investigators to the study of 
manoeuvres or adjuvant therapies in an attempt to improve RF 
ablation, either in conjunction with or as an alternative to multiple 
ablations of a given tumour. In particular, several strategies for 
reducing blood flow during ablation therapy have been proposed. 
Total portal inflow occlusion (Pringle manoeuvre) has been used at 
open laparotomy and at laparoscopy. Angiographic balloon cath¬ 
eter occlusion of the hepatic artery or embolisation of the tumour 
feeding artery has also been shown to be useful in hypervascular- 
ised tumours. 63 In the setting of HCC, combining thermal ablation 
with other therapies such as chemoembolisation or transarterial 
administration of drug-eluting beads has shown very promising 
results in early clinical investigation. 64,65 The findings of experimen¬ 
tal studies suggested that adjuvant chemotherapy may increase the 
ablation volume compared with RF ablation therapy alone in dif¬ 
ferent tumour types. 66,67 Further research to determine optimal 
methods of combining chemotherapeutic regimens (both agent and 
route of administration) with RF ablation is ongoing. 


Radiofrequency ablation 

• Heating tissue to cause cell death. 

• Heating rapidly decreases with distance from the electrode - so 
need multiple or expandable electrodes to increase area of 
ablation. 

• Cooling by blood flow. Additional manoeuvres to limit blood flow 
at operation or angiographically can be employed. 

• Aim to ablate an area 1 cm wider than the tumour (2 cm greater 
diameter) to produce a tumour-free margin around the lesion. 
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Figure 11.4 US-guided RF ablation. A: A multi-tined expandable needle is inserted and deployed within an HCC nodule. B: Following 
the activation of the RF generator, a hyperechoic cloud appears at the site of treatment. 


The role of imaging 

Targeting of the lesion can be performed with US, computed tom¬ 
ography, or magnetic resonance imaging (Fig. 11.4). The guidance 
system is chosen largely on the basis of operator preference and 
local availability of dedicated equipment such as computed tomog¬ 
raphy fluoroscopy or open magnetic resonance systems. During the 
procedure, important aspects to be monitored include how well the 
tumour is being covered and whether any adjacent normal struc¬ 
tures are being affected at the same time. While the transient hyper¬ 
echoic zone that is seen at ultrasound within and surrounding a 
tumour during and immediately after RF ablation can be used as a 
rough guide to the extent of tumour destruction, magnetic reso¬ 
nance is currently the only imaging modality with validated tech¬ 
niques for real-time temperature monitoring. After activation the 
generators are run by automated programs, designed to modulate 
the released power relying on direct temperature measurement 
or on electrical measurement of tissue impedance, to avoid over¬ 
heating and carbonisation. At the end of the procedure, coagulation 
of the needle track is performed, to prevent tumour seeding. 

Contrast-enhanced US performed after the end of the procedure 
may allow an initial evaluation of treatment effects (Fig. 11.5). 
However, contrast-enhanced computed tomography and magnetic 
resonance imaging are recognised as the standard modalities to 
assess treatment outcome. Computed tomography and magnetic 
resonance images obtained after treatment show successful ablation 
as a non-enhancing area with or without peripheral enhancing rim. 
The enhancing rim that may be observed along the periphery of the 
ablation zone appears a relatively concentric, symmetric and 
uniform process in an area with smooth inner margins. This is a 
transient finding that represents a benign physiological response to 
thermal injury (initially, reactive hyperaemia; subsequently, fibro¬ 
sis and giant cell reaction). Benign periablational enhancement 
needs to be differentiated from irregular peripheral enhancement 
due to residual tumour that occurs at the treatment margin. In 
contrast to benign periablational enhancement, residual unablated 
tumour often grows in scattered, nodular or eccentric patterns. 67 
Later follow-up imaging studies should be aimed at detecting the 
recurrence of the treated lesion (i.e. local tumour progression), the 


Table 11.2 BCLC classification in patients diagnosed 
with HCC 

Very early stage 

PS 0, Child-Pugh A, single HCC 
<2 cm 

Early stage 

PS 0, Child-Pugh A-B, single HCC or 

3 nodules <3 cm 

Intermediate stage 

PS 0, Child-Pugh A-B, multinodular 

HCC 

Advanced stage 

PS 1-2, Child-Pugh A-B, portal 
neoplastic invasion, nodal metastases, 
distant metastases 

Terminal stage 

PS >2, Child-Pugh C 


PS, performance status. 


development of new hepatic lesions, or the emergence of extrahe- 
patic disease. Evaluation of tumour response should be performed 
following criteria recently developed by a panel of experts of the 
American Association for the Study of Liver Diseases. 68 

Indications 


RF ablation is the therapy of choice in very early and early HCC 
according to the Barcelona Clinic Liver Cancer (BCLC) classification 
(Table 11.2) when patients are not candidates for either liver resec¬ 
tion or transplantation. 32,57 Patients are required to have a single 
tumour or as many as three nodules smaller than 3 cm each, no 
evidence of vascular invasion or extrahepatic spread, performance 
status test of 0, and liver cirrhosis in Child-Pugh class A or B. 

In the setting of metastatic disease, RF ablation is generally indi¬ 
cated for non-surgical patients with colorectal cancer oligometas- 
tases isolated to the liver. 69,70 Selected patients with limited hepatic 
and pulmonary colorectal metastatic disease, however, may qualify 
for percutaneous treatment. 71,72 In patients with hepatic metastases 
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Figure 11.5 Initial evaluation of tumour response to RF ablation with contrast-enhanced US. A: Pre-treatment contrast-enhanced 
US obtained in the arterial phase shows the small HCC lesion as a hypervascular nodule. B-mode low-mechanical index image is shown in 
the right side of the image; the contrast-specific mode during the arterial phase is shown in the left side. B: The tumour is treated with RF 
ablation under US guidance. C: At the end of the procedure, a hyperechoic cloud covering the tumour as well as a cuff of surrounding 
liver parenchyma is seen on US. D: Contrast-enhanced US study performed at the end of the procedure shows the ablation zone as a 
non-enhancing area completely covering the tumour. Periablation enhancement is also seen, representing reactive hyperaemia. 


from other primary cancers, promising initial results have been 
reported in the treatment of breast and endocrine tumours. The 
number of lesions should not be considered an absolute contrain¬ 
dication to RF ablation if successful treatment of all metastatic 
deposits can be accomplished. Nevertheless, most centres preferen¬ 
tially treat patients with four or fewer lesions. Tumour size is of 
utmost importance to predict the outcome of RF ablation. Imaging 
studies underestimate the size of metastatic deposits. Therefore, the 
target tumour should not exceed 3 cm in longest axis to ensure 
complete ablation with most of the currently available devices. 56 

A careful clinical, laboratory and imaging assessment has to be 
performed in each individual patient by a multidisciplinary team 
to evaluate eligibility for percutaneous ablation. Laboratory tests 
should include measurement of serum tumour markers, such as 
alpha-fetoprotein for HCC and carcinoembryonic antigen for color¬ 
ectal metastases, as well as a full evaluation of the patient's 


coagulation status. A prothrombin time ratio (normal time/patient's 
time) >50% and a platelet count higher than 50 000/jllL are required 
to keep the risk of bleeding at an acceptably low level. The tumour 
staging protocol must be tailored to the kind of malignancy. In 
patients with HCC, the detection of the nodule by ultrasound is 
usually followed by multidetector spiral computed tomography or 
dynamic magnetic resonance, following the recommendations of 
the American Association for the Study of Liver Diseases. 32 In 
patients with liver metastases tumour staging protocol should 
include abdominal US and spiral computed tomography or dynamic 
magnetic resonance imaging of the abdomen. Chest computed tom¬ 
ography and positron emission tomography (or positron emission 
tomography - computed tomography) may be required to exclude 
or confirm extrahepatic locations of metastatic disease. 56 

Pre-treatment imaging must carefully define the location of each 
lesion with respect to surrounding structures. Lesions located along 
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the surface of the liver can be considered for RF ablation, although 
their treatment requires adequate expertise and may be associated 
with a higher risk of complications. Thermal ablation of superficial 
lesions that are adjacent to any part of the gastrointestinal tract 
must be avoided because of the risk of thermal injury to the gastric 
or bowel wall. The colon appears to be at greater risk than the 
stomach or small bowel for thermally mediated perforation. Gastric 
complications are rare, probably owing to the relatively greater wall 
thickness of the stomach or the rarity of surgical adhesions along 
the gastrohepatic ligament. The mobility of the small bowel may 
also provide it with greater protection compared with the relatively 
fixed colon. The use of special techniques - such as intraperitoneal 
injection of dextrose to displace the bowel - can be considered in 
such instances. 73 Treatment of lesions adjacent to the hepatic hilum 
carries a risk of thermal injury to the biliary tract. This tumour loca¬ 
tion represents a relative contraindication to RF ablation. In expe¬ 
rienced hands, thermal ablation of tumours located in the vicinity 
of the gallbladder was shown to be feasible, although associated in 
most cases with self-limited iatrogenic cholecystitis. 74 Thermal abla¬ 
tion of lesions adjacent to hepatic vessels is possible, since flowing 
blood usually protects the vascular wall from thermal injury: in 
these cases, however, the risk of incomplete treatment of the neo¬ 
plastic tissue close to the vessel may increase because of the heat 
loss by convection. 62 

Complications 


Early major complications associated with RF ablation occur in 
2.2-3.1% of patients and include intraperitoneal bleeding, liver 
abscess, intestinal perforation, pneumo/haemothorax and bile duct 
stenosis and tumour seeding (0.5%); the procedure mortality rate is 
0.1-0.5%. 75-77 The minor complication rate ranges from 5% to 8.9%. 
The most common causes of death are sepsis, hepatic failure, colon 
perforation and portal vein thrombosis (particularly in patients sub¬ 
mitted to RF ablation with a surgical approach and Pringle manoeu¬ 
vre), while the most common complications are intraperitoneal 
bleeding, hepatic abscess, bile duct injury, hepatic decompensation 
and grounding pad burns. Minor complications and side effects are 
usually transient and self-limiting. 75-77 An uncommon late compli¬ 
cation of RF ablation can be tumour seeding along the needle track. 
In patients with HCC, tumour seeding occurred in 8 (0.5%) of 1610 


cases in a multicentre survey 75 and in 1 (0.5%) of 187 cases in a 
single-institution series. 78 Lesions with subcapsular location and an 
invasive tumoral pattern, as shown by a poor differentiation degree, 
seem to be at higher risk for such a complication. 79 

Clinical results 


Most early clinical research with RF ablation was conducted in the 
framework of feasibility studies, aimed at demonstrating the local 
effect and the safety of the procedure. 80-82 More recently, the clinical 
efficacy of RF ablation has been evaluated in the treatment of HCC 
and colorectal hepatic metastases. 

Treatment of hepatocellular carcinoma 

The therapeutic effect of RF ablation in HCC has been assessed by 
studies that evaluated the outcome of treatment at the histological 
level and by randomised or cohort studies that investigated the 
long-term survival outcomes of treated patients. Histological data 
from explanted liver specimens in patients who underwent RF abla¬ 
tion showed that tumour size and presence of large (3 mm or more) 
abutting vessels significantly affect local treatment effect. Complete 
tumour necrosis was pathologically shown in 83% of tumours 
<3 cm and 88% of tumours in a non-perivascular location. 83 Com¬ 
parison with percutaneous ethanol injection (PEI) in five ran¬ 
domised trials 84-88 has shown that RF ablation had higher local 
anticancer effect than PEI, leading to a better local control of the 
disease (Table 11.3). The two European trials failed to show a sta¬ 
tistically significant difference in overall survival between patients 
who received RF ablation and those treated with PEI. 84,88 However, 
survival advantages were identified in three Asian studies. 85-87 
These data were recently pooled in two independent meta-analyses 
and the survival benefit for patients with small HCC submitted to 
RF ablation was confirmed. 89,90 Therefore, RF ablation appears as 
the preferred percutaneous treatment for patients with early-stage 
HCC on the basis of a more consistent local tumour control and 
better survival outcomes. 

Recently, the long-term survival outcomes of RF ablation-treated 
patients were reported (Table 11.4) and were useful to elucidate 
factors influencing patient prognosis. 78,91-95 The severity of the 
underlying cirrhosis and occurrence of new lesions represent the 


Table 11.3 Randomised studies comparing RF ablation and PEI in the treatment of early-stage HCC 


Author 

No. of 
patients 

Tumour size 

Complete 
ablation (%) 

Treatment 
failure (%) a 

3-year overall 
survival 

P 

Lencioni et al. 84 

RF 

52 

1 HCC <5 cm or 3 <3 cm 

91 

8 

81 

>0.05 

PEI 

Lin et al. 85 

50 


82 

34 

73 


RF 

52 

1-3 HCC <4 cm 

96 

17 

74 

0.014 

PEI 

Shiina et al. 86 

52 


88 

45 

50 


RF 

118 

1-3 HCC <3 cm 

100 

2 

80 

0.02 

PEI 

Lin et al. 87 

114 


100 

11 

63 


RF 

62 

1-3 HCC <3 cm 

97 

16 

74 

0.031 

PEI 

Brunello et al. 88 

62 


89 

42 

51 


RF 

70 

1-3 HCC <3 cm 

96 

34 

59 

>0.05 

PEI 

69 


66 

64 

57 



includes initial treatment failure (incomplete response) and late treatment failure (local recurrence/progression). 
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Table 11.4 Studies reporting long-term survival outcomes of patients with early-stage HCC who underwent 
percutaneous RF ablation 



a Patients who received RF ablation as primary treatment. 

b Patients who received RF ablation for recurrent tumour after previous treatment including resection, ethanol injection, microwave ablation and transarterial 
embolisation. 

NA, not available. 


most important prognostic factors. Patients with early stage HCC 
in Child-Pugh class A had a 5-year survival rate of 51-77% while 
patients in Child-Pugh class B had a 5-year survival rate of 31-38%. 
The incidence of new HCC lesions in cirrhotic liver is very high as 
it approaches 80% at 5 years after the first treatment. 78 This limita¬ 
tion is true of all local treatments, including surgical resection. It 
has been demonstrated that new lesions occurring within 2 years 
of treatment are related to occult dissemination of the original 
tumour, while lesions occurring in later periods are often true 'de 
novo' tumours. Only in very early HCCs, with diameter <2 cm, are 
there optimal conditions for radical local therapies, as the probabil¬ 
ity of microvascular invasion and microsatellites is very low. In 
patients with very early HCC the complete response rate approaches 
97%, with 5-year survival rates of 68%. 96 In such small tumours, 
therefore, RF ablation seems to challenge the role of surgical resec¬ 
tion and in many centres RF ablation is offered even in operable 
patients. However, there is not robust evidence that supports the 
use of RF ablation as a first-line therapy. In the only randomised 
trial comparing RF ablation with surgical resection in patients with 
solitary HCC <5 cm in diameter, no differences in overall survival 
rates and cumulative recurrence-free survival rates were observed. 97 

Despite the many published reports some questions concerning 
image-guided RF ablation in HCC treatment are still unanswered. 
Some authors have reported that RF ablation may be a safe and 
effective bridge to liver transplantation. 83 However, randomised 
studies would be needed to determine advantages and disadvan¬ 
tages of RF ablation with respect to chemoembolisation for HCC 
patients awaiting transplantation. Recent studies have reported 
encouraging results in the treatment of intermediate-size (3-7 cm) 
HCC lesions with a combination of transcatheter chemoembolisa¬ 
tion and RF ablation. 64 Innovative experimental approaches 
for tumour >3 cm include the intra-arterial administration of dox¬ 
orubicin-eluting beads after RF ablation and the intravenous injec¬ 
tion of thermally sensitive liposomes uploaded with doxorubicin. 
These strategies are aimed at reaching a high drug concentration at 
the periphery of the ablation volume to determine an additive 
cytotoxic effect on tumoral tissue that was exposed to sublethal 
temperatures. 


Table 11.5 Studies reporting long-term survival 
outcomes of patients with colorectal hepatic metastases 
who underwent percutaneous RF ablation 



a Four-year survival. 
NA, not available. 


Treatment of colorectal hepatic metastases 

Many studies have investigated the use of RF ablation in the treat¬ 
ment of limited colorectal cancer hepatic metastatic disease in 
patients who were excluded from surgery. Two early studies 
reported rates of complete response that did not exceed 60-70%. 80,98 
Subsequently, owing to the advances in RF technique and probably 
to the treatment of smaller tumours, reported rates of successful 
local tumour control following RF treatment substantially increased. 
In two series, RF ablation allowed eradication of 91% of 100 metas¬ 
tases and 97% of 74 metastases, respectively. 99,100 

Recently, data on long-term survival of non-surgical patients 
with hepatic colorectal metastases who underwent RF ablation have 
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been reported (Table 11.5). 69,70,101-105 j n particular, in three series 
including patients with five or fewer lesions, each 5 cm or less in 
diameter, the 5-year survival rate ranged from 24% to 44% at 5 
years. 69,101,103 When RF ablation was performed in patients with 
small (<4 cm), solitary hepatic colorectal metastases, 40% 5-year 
survival rate was demonstrated. 106 These figures are substantially 
higher than those obtained with any chemotherapy regimens and 
provide indirect evidence that RF ablation therapy improves sur¬ 
vival in patients with limited hepatic metastatic disease. This con¬ 
clusion is supported by the interim analysis of a randomised 
controlled trial comparing chemotherapy plus RF ablation to chem¬ 
otherapy alone in colorectal cancer metastatic to the liver. 

Recent studies analysed the role of RF ablation with respect to 
surgical resection. In one study, patients with colorectal metastases 
isolated to the liver were treated with hepatic resection, RF ablation 
plus resection, RF ablation only, or chemotherapy only. Overall 
survival for patients treated with RF ablation plus resection or RF 
ablation only was greater than for those who received chemother¬ 
apy only. However, overall survival was highest after resection: 
4-year survival rates after resection, RF ablation plus resection, and 
RF ablation only were 65%, 36%, and 22%, respectively. 107 In another 
paper, the outcome of patients with solitary colorectal liver metas¬ 
tasis treated by surgery or by RF ablation did not differ: the survival 
rate at 3 years was 55% for patients treated with surgery and 52% 
for those who underwent RF ablation. 108 Other authors used RF 
ablation instead of repeated resection for the treatment of liver 
tumour recurrence after partial hepatectomy. 109 The potential role 
of performing RF ablation during the interval between diagnosis 
and resection as part of a 'test-of-time' management approach was 
investigated. 110 Eighty-eight consecutive patients with colorectal 
liver metastases who were potential candidates for surgery were 
treated with RF ablation. Among the 53 patients in whom complete 
tumour ablation was achieved after RF treatment, 98% were spared 
surgical resection because they remained free of disease or because 
they developed additional metastases leading to unresectability. No 
patient in whom RF treatment did not achieve complete tumour 
ablation became unresectable due to the growth of the treated 
metastases. 
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PORTAL VEIN 


Anatomy and scanning techniques 


The portal vein provides approximately 70% of the liver's blood 
supply The portal vein is formed at the confluence of the splenic 
vein and superior mesenteric vein posterior to the neck of the pan¬ 
creas. It then passes posterior to the pancreatic head and first part 
of duodenum to the liver hilum via the hepatoduodenal ligament. 
The main portal vein enters the liver at the porta hepatis (liver 
hilum) lying posterior to the hepatic artery and bile duct (the bile 
duct lying anterolaterally and the hepatic artery lying anteromedi- 
ally). It divides into the main right and left branches before pene¬ 
trating the liver, although there is some variation in this. The right 
branch passes transversely in the liver substance for a few centime¬ 
tres before dividing into anterior and posterior branches. The left 
portal vein curves anteriorly giving off branches as it traverses the 
liver. The hepatic arteries and bile ducts follow the same pattern. 
The left main portal vein is joined by the ligamentum teres (obliter¬ 
ated umbilical vein) and ligamentum venosum (obliterated ductus 
venosum) as it enters the left lobe. 


A 'principal plane' divides the liver into right and left lobes of 
almost equal size. On the visceral surface of the liver this plane is 
denoted by a line that runs from the gallbladder fossa through the 
porta hepatis to the inferior vena cava. The right lobe (Couinaud 
segments V, VI, VII and VIII) is supplied by the right portal vein 
and the left lobe (segments II, III and IV) is supplied by the left 
portal vein (Fig. 12.1). Segment I (caudate lobe) receives supply 
from both left and right portal venous branches. 1 

A curved array 3.5-6 MHz probe is suitable for imaging the 
liver and portal vein supplemented with colour and spectral 
Doppler. The portal vein can be imaged subcostally pointing 
posterocephalad or by a right intercostal approach pointing 
medially. These approaches give good views of the portal vein, 
hepatic artery and common bile duct. The left lateral decubitus 
position provides good views of the portal vein at the porta hepatis. 
In this position a longitudinal oblique section demonstrates the 
portal vein and its relationship to the hepatic artery and common 
bile duct. 

Colour and spectral Doppler is used to document normal hepato- 
petal flow (towards the liver). Any reversal of flow away from the 
liver (hepatofugal) is pathological. The main, right and left portal 
vein branches can be best imaged by using a right oblique approach 
through the ribs, so that the course of the vein is towards the probe 
and an angle of less than 60° with the beam is obtained, providing 
a good Doppler signal. 

At the porta the hepatic artery crosses anterior to the main portal 
vein with the bile duct anteriorly (Fig. 12.2). A common normal 
variant (10-15%) is seen when the artery lies anterior to the duct 
(Fig. 12.3). 


Normal findings 


The diameter of the portal vein is variable and is usually about 
10 mm. The portal vein diameter is measured as it passes anterior 
to the inferior vena cava (IVC). The diameter increases with deep 
inspiration, postprandially and with posture. A diameter of greater 
than 13 mm in the supine position during quiet respiration is taken 
as abnormal. 

The mean velocity in the portal vein is 12-20 cm/s but there is 
wide variation due to prandial state, position, exercise, respiration 
and cardiac activity. When discussing portal and hepatic venous 
flow the term 'periodicity' refers to velocity variation due to cardiac 
activity and 'phasicity' refers to respiratory induced changes. The 
term 'pulsatility' should only be reserved for arterial flow. Portal 
venous flow velocity is usually uniform. Minor phasicity may be 
seen due to respiration as well as mild periodicity due to retrograde 
transmission of the A wave from the right atrium via the hepatic 
veins or due to hepatic arterial systolic inflow (Fig. 12.4). These rises 
in pressure result in transient decreases in the antegrade portal 
venous flow, which were present in up to 64% of a normal study 
group in one series. 2,3 The velocity is reduced in portal hypertension 
and may be increased in anastomotic stenoses, e.g. liver transplant 
patients. 
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Figure 12.1 Drawing of Couinaud’s classification 

demonstrating how the liver is divided into the eight segments by 
the portal vein (arrow) and hepatic veins (broken arrow). (Modified 
from Szklaruk J, Silverman PM and Charnsangavej C. Imaging in 
the Diagnosis, Staging, Treatment, and Surveillance of 
Hepatocellular Carcinoma. Am J Roentgenol 2003;180(2):441. 
Image located at http://www.ajronline.org/cgi/content-nw/ 
full/180/2/441/FIG10, accessed 03/15/2010.) 



Figure 12.3 A common normal variant (10-15%) is seen with 
the hepatic artery (arrow) lying anterior to the bile duct. 



Figure 12.2 Colour Doppler image of the portal triad showing 
the portal vein (arrowheads) and hepatic artery (straight arrow). The 
correct site to measure the bile duct diameter, as it crosses 
the hepatic artery, is indicated (broken arrow). 

Portal hypertension 


Portal hypertension is defined as portal venous pressure exceeding 
10 mmHg. More specifically it means that there is a pressure gradi¬ 
ent from the portal vein to the hepatic veins or IVC of 10 mmHg or 
greater. Because direct measurement of portal venous pressure is 
difficult it may be estimated indirectly by measurement of the cor¬ 
rected sinusoidal pressure. This is calculated by taking the hepatic 
wedge pressure and subtracting the free hepatic venous pressure. 
The causes of portal hypertension may be divided into hepatic, 



Figure 12.4 Normal portal venous flow with a velocity of 
18 cm/s demonstrating hepatopetal direction and undulating 
waveform due to cardiac pulsation and respiration. Note the 
multiple liver metastases. 


pre- and post-hepatic. The most common cause is cirrhosis in which 
diffuse destruction and regeneration of liver parenchyma results in 
fibrosis and distortion of liver architecture. This results in obstruc¬ 
tion and increased resistance to portal flow that leads to an increase 
in the portal venous pressure. 

Pathophysiology 

As well as obstruction and increased resistance leading to portal 
hypertension ('backward flow' theory) experimental evidence has 
shown that increased portal blood flow (hyperkinetic portal 



















Portal vein 


Main causes of portal hypertension 

Prehepatic 

• Portal vein thrombosis 

• Portal vein compression (tumour, trauma, lymphadenopathy) 

Intrahepatic 

• Pre-sinusoidal: This is usually due to disease affecting the porta 
hepatis such as congenital hepatic fibrosis, sarcoidosis, 
lymphoma, schistosomiasis, primary biliary cirrhosis, toxic fibrosis 
secondary to arsenic, copper and polyvinyl chloride (PVC) 

• Sinusoidal: Due to hepatitis, sickle cell anaemia or fatty infiltration 

• Post-sinusoidal: Alcoholic cirrhosis (commonest); veno-occlusive 
disease 

Post-hepatic 

• Budd-Chiari syndrome 

• Veno-occlusive disease 

• Right heart failure 

• Constrictive pericarditis 


hypertension) plays an important role ('forward flow' theory). 4-7 In 
patients with liver cirrhosis a characteristic finding is splanchnic 
and systemic vasodilatation due to a reduced vascular resistance 
and tone. This results in increased blood flow in the systemic and 
splanchnic circulation accompanied by an increase in cardiac 
output, such that patients with cirrhosis have warm peripheries and 
bounding pulses. The increased flow through the portal venous 
system (>15 mL/min/kg) is a major contributing factor in the main¬ 
tenance of portal hypertension. In addition it was thought that the 
raised intrahepatic resistance of cirrhosis was solely due to fibrosis, 
scarring and distortion of liver parenchyma. Recent evidence sup¬ 
ports an additional role of sinusoidal and endothelial cells in accen¬ 
tuating vascular resistance. Under the influence of mediators (e.g. 
nitrous oxide, NO) and endothelin, the contractile effects of these 
cells potentiate the increased intrahepatic resistance. 

It is now generally accepted that increased intrahepatic vascular 
resistance and a hyperdynamic splanchnic blood flow are the main 
contributing factors to portal hypertension. 

Hyperkinetic portal hypertension is seen in congenital and 
acquired arteriovenous fistulae in the intrahepatic or extrahepatic 
portal venous circulation. Congenital fistulae are seen in hereditary 
haemorrhagic telangiectasia (HHT; Osler-Weber-Rendu disease), 
which is discussed below. 

Ultrasound findings in portal hypertension 

An increase in portal venous pressure by 5-10 mmHg leads to 
changes in haemodynamics with alteration in direction of flow, 
velocity and waveforms, increase in spleen size, formation of 
ascites, change in the response of the portal, splenic and superior 
mesenteric veins to respiration, enlargement of portal veins and 
diversion of blood flow through low resistance portosystemic col¬ 
laterals. Ultrasound can demonstrate all these findings and is the 
modality of choice in the initial assessment of suspected portal 
hypertension. The sonographic findings are now discussed. 

Portal vein flow changes 

Doppler interrogation allows an assessment of the presence, direc¬ 
tion and characteristics of blood flow. Portal venous flow is depend¬ 
ent on numerous factors including posture, exercise, prandial state 
and cardiac output. 8 The flow varies widely both in patients with 
cirrhosis and in normal subjects. 9 A 'congestion index' may be 
applied to help diagnose portal hypertension. The index is the ratio 
of portal vein cross-sectional area (cm 2 ) divided by the mean portal 
flow velocity (cm/s). 10 The ratio is normally less than 0.7. 



Figure 12.5 Spectral Doppler interrogation over the porta 
hepatis demonstrates reverse flow in the portal vein and increased 
velocity in the hepatic artery (>2 m/s) due to arterialisation of the 
liver blood supply in portal hypertension. 


Sonographic findings in portal hypertension 

• Portal vein diameter >13 mm is abnormal. This is specific but not 
sensitive. 

• <20% increase in SMV and splenic vein diameter from quiet 
respiration to full inspiration. 

• Liver cirrhosis (micro- or macronodular change). 

• Reversed flow in the portal vein, splenic vein or SMV. 

• Absence of portal vein respiratory phasic variability. 

• Slow portal venous flow or to-and-fro flow on Doppler. 

• Portosystemic collateral vessels. 

• Portal or splenic vein aneurysm. 


In portal hypertension a number of changes may be seen in the 
portal venous flow. The flow may be normal in direction and veloc¬ 
ity. There may be reduction in velocity (<10 cm/s) with damping 
of the normal respiratory variation. In worsening liver disease 
blood entering via the hepatic artery follows the path of least resist¬ 
ance and instead of passing through the hepatic sinusoids to the 
hepatic veins, blood is shunted through the portal vein via the vasa 
vasorum or arteriovenous shunts resulting in reversed hepatofugal 
blood flow (Fig. 12.5). 11 In one series of 228 cirrhotic patients the 
prevalence of hepatofugal flow was 8.3%. 12 Hepatofugal flow has 
been shown to be associated with a significant decrease in portal 
venous calibre and reversed flow in the splenic vein correlates with 
hepatic encephalopathy due to splenorenal collaterals. 13 

Prior to reversal the flow may be 'balanced', in which forward 
and reverse low velocity flow to-and-fro pattern is seen (Fig. 12.6). 
This state may also be a prelude to thrombosis. 

Marked periodicity may be seen superimposed on the 
hepatofugal flow waveform due to hepatic arterial systole as the 
hepatic arterial flow increases in response to the decrease in portal 
venous flow. 

Marked periodicity may be seen in the portal venous waveform 
independent of hepatic arterial systole secondary to cardiac disease. 
This occurs in raised right atrial pressure or in tricuspid regurgita¬ 
tion, producing a giant 'CV' wave or a reversed 'S' wave in the 
hepatic veins which is transmitted back through the sinusoids to 
the portal vein (Fig. 12.7). 
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Figure 12.6 Balanced to-and-fro low velocity flow is seen in 
the portal vein in a case of cirrhosis. (Courtesy of Professor David 
Cosgrove.) 



Figure 12.7 Spectral Doppler of the portal vein in a patient 
with tricuspid regurgitation due to right ventricular failure. Marked 
periodicity is present in the waveform. 


Change in portal vein calibre 

The diameter of the portal vein is variable but should not be greater 
than 13 mm (Fig. 12.8). The diameter increases with deep inspira¬ 
tion, postprandially and with posture. A diameter of greater than 
13 mm in the fasting state, supine position and during quiet respira¬ 
tion is taken as abnormal. This gives an almost 100% specificity but 
is less sensitive (56%). 14,15 A calibre of over 17 mm has been shown 
to be 100% predictive for large oesophageal varices. 16 However, a 
normal calibre portal vein does not exclude portal hypertension. 
Dilatation of the splenic and superior mesenteric veins also occurs 
in portal hypertension with the upper limit of normal ranging from 
10 to 12 mm for these vessels. Dilatation of the splenic vein is associ¬ 
ated with splenomegaly but it may be difficult to distinguish 
between portal hypertension and increased splenic blood flow (due 
to the hyperdynamic splanchnic circulation) as aetiologies for the 
dilatation. 



Figure 12.8 Dilated portal vein (14 mm) in a patient with portal 
hypertension secondary to extensive metastatic liver disease. 


Another interesting sign is the lack of change of calibre in the 
portal vein, splenic vein and superior mesenteric vein in response 
to deep inspiration. In normal individuals the portal vein and 
splanchnic vessel diameters should increase by 70-100% from quiet 
respiration to deep inspiration but in portal hypertension there is a 
lack of variation due to the presence of already dilated vessels. This 
sign has an 80% sensitivity and a high specificity. 15 

Splenomegaly 

Splenomegaly is an important sign of portal hypertension. The 
spleen is best measured in the coronal plane with a maximum 
cephalocaudal measurement of 13 cm reliably indicating enlarge¬ 
ment. Splenic size does not correlate well with portal pressure and 
splenomegaly can be seen in chronic liver disease independent of 
portal hypertension. However, splenomegaly is commonly seen in 
portal hypertension and is useful in follow-up in patients with 
chronic liver disease. 

Changes in hepatic arterial flow in 
portal hypertension 

Normally the liver receives 70% of its blood supply via the portal 
vein and 30% from the hepatic artery. In portal hypertension due 
to cirrhosis arterialisation occurs in response to a decrease in portal 
venous flow (Fig. 12.5). The hepatic artery becomes dilated and is 
easily seen on colour Doppler with spectral Doppler demonstrating 
a significant increase in flow both in the main hepatic artery as well 
as the intrahepatic branches. In addition, arteriovenous shunts form 
at the sinusoidal level shunting blood from the hepatic arteries to 
the portal vein, resulting in arterialised portal venous blood. 

Portosystemic collaterals (varices) 

With rising portal venous pressure (>15 mmHg), anastomoses 
between the high-pressure portal circulation and the lower- 
pressure systemic system form to shunt blood away from the 
portal system. The collateral vessels formed are thin walled and 
prone to rupture. The presence of collaterals is highly indicative of 
portal hypertension except in isolated splenic or mesenteric vein 
occlusion. 

Ultrasound underestimates the extent of portosystemic collater¬ 
als, reportedly visualising 65-90% of varices. 17-19 However, the vast 
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majority of described collaterals have been imaged by ultrasound 9,17 
but only a few groups are regularly identified. 

The potential of large portosystemic collateral vessels to decom¬ 
press the portal venous system and decrease gastrointestinal haem¬ 
orrhage is controversial. The presence of a large splenorenal shunt 
has been linked with a reduction in bleeding from gastric varices 20 
whilst other studies have not demonstrated a clear protective 
effect. 21 The pattern of collateral development can influence direc¬ 
tion of flow in the portal vein. Flow may be reversed in the presence 
of a large splenorenal shunt. However, if decompression is mainly 
due to a large umbilical vein then flow will be hepatopetal. In this 
situation flow may be reversed in the right portal vein and normal 
direction in the left portal vein since the recanalised umbilical vein 
arises from the left portal vein. 

The common portosystemic anastomotic sites (Fig. 12.9) are: 

■ Gastric and lower oesophagus. Left gastric varices (also known as 
coronary vein varices) run from the portal/splenic vein to the 
lesser gastric curve and may be seen through the left lobe of 
liver (Fig. 12.10). Short gastric varices run between the spleen 
and the greater gastric curvature and can be seen on ultrasound 
using the spleen as a window. Both groups of varices converge 
at the gastro-oesophageal junction and can extend cranially via 
oesophageal varices to anastomose with the azygos vein and 
systemic circulation. Oesophageal varices are prone to bleeding 
and therefore numerous manoeuvres are available to prevent 
haemorrhage at this site as discussed below. 


■ Umbilical vein. In utero the umbilical vein carries oxygenated 
blood from the placenta to the left portal vein. This involutes 
after birth, forming the ligamentum teres in the falciform 
ligament. In portal hypertension a paraumbilical vein can 
dilate and carry blood from the left portal vein to the 
umbilical region where it anastomoses with systemic veins 
(superior and inferior epigastric veins) to form a 'caput 
medusae'. The enlarged umbilical vein is readily seen on 
ultrasound, carrying blood away from the liver, as it courses 
deep to the anterior abdominal wall musculature (Figs 12.11 
and 12.12). It should be noted that a patent umbilical vein 
may be seen in normal subjects but it is less than 2 mm in 
diameter and its velocity is not greater than 5 cm/s. 

■ Splenorenal. These are seen as large tortuous vessels coursing 
between the splenic hilum, upper pole of the left kidney and 
left renal vein (Fig. 12.13). 

■ Pericholecystic. These varices occur in the gallbladder wall 
especially in portal vein thrombosis, bypassing the 
thrombosed vessel communicating with the intrahepatic 
portal branches. They can also communicate via subhepatic 
collaterals to subcostal veins. 

■ Pancreatico-duodenal. These varices are difficult to 
visualise on ultrasound. They communicate with superior 
and inferior mesenteric veins as well as the left gastroepiploic 
veins. 

■ Porta hepatis. Varices may be seen around the portal vein 
especially if it is thrombosed. 
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Figure 12.9 Major portosystemic collaterals. (Redrawn from Zwiebel WJ, Pellerito JS. Introduction to Vascular Ultrasonography, 
5th edn. Elsevier Saunders, Philadelphia, 2004.) 
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Figure 12.10 Longitudinal section through the left lobe of 
liver showing gastric varices. A: Greyscale shows multiple 
tortuous serpiginous vessels. B: Colour Doppler demonstrates 
turbulent flow in the varices. C: Spectral Doppler confirms venous 
flow in the varices. 



Figure 12.11 Recanalised umbilical vein in a patient with cirrhosis. A: B-mode shows a large vessel below the left lobe of liver. 
B: Doppler shows venous blood flow towards the transducer and away from the liver. 
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Figure 12.12 Liver cirrhosis and varices in a 26-year-old woman with cystic fibrosis. A: Colour Doppler shows varices in the left upper 
quadrant which, when followed caudally, continued (B) as a vessel (arrow) with flow away from the transducer. This vessel bypassed the 
umbilicus. C: In the pelvis the vessel joins the inferior epigastric vein (arrow), which (D) joins the external iliac vein (arrow). There was no 
umbilical collateral vessel or ‘caput medusae’ in this patient. (Courtesy of Professor David Cosgrove.) 



Figure 12.13 Splenorenal varices. A: Varices are seen between the spleen and left kidney. B: A large collateral vessel (arrow) is seen 
carrying blood away from the probe towards the left renal vein. 


Other less common portosystemic anastomotic sites are haemor- 
rhoidal, gonadal, iliolumbar and retrosternal. 

Management of portal hypertension 


One of the major life-threatening problems in portal hypertension 
is bleeding varices. There are a variety of options available to 
manage this problem. Management options consist of medical 


therapy, endoscopic techniques (injection sclerotherapy or banding 
of oesophageal varices), compression of actively bleeding varices 
with a Sengstaken tube, surgical or transjugular intrahepatic porto¬ 
systemic shunts (TIPS). 

Surgical portosystemic shunts 

The objective of all shunts is to decompress the portal system to 
minimise the risk of variceal bleeding. There are numerous types 
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of surgical shunts including portacaval, proximal and distal spleno¬ 
renal (Warren shunt), mesocaval and mesoatrial shunts. 

Non-selective shunts divert all the portal blood flow into the 
systemic circulation resulting in decompression of the entire portal 
system and therefore varices. One of the simplest procedures to 
perform is the portacaval end-to-side shunt in which the portal vein 
is transected at the liver hilum and anastomosed to the inferior vena 
cava. These shunts produce immediate protection from variceal 
bleeding but they have a high rate of encephalopathy and may 
worsen liver function. 

With selective shunts, such as the Warren shunt, liver encepha¬ 
lopathy is less common. The Warren shunt consists of anastomos¬ 
ing the splenic vein to the left renal vein. The left gastric vein, 
umbilical vein, right gastroepiploic vein, pancreatic branches and 
other collateral vessels are ligated. This approach selectively decom¬ 
presses the gastro-oesophageal varices and excludes the gastros- 
plenic circulation from the rest of the portal system. 

When there is portal vein thrombosis, surgical shunts cannot be 
performed. In these cases the Sugiura procedure may be performed. 
This consists of splenectomy, devascularisation of the stomach and 
lower oesophagus along with oesophageal transection to stop flow 
to the gastro-oesophageal varices and is very effective in preventing 
haemorrhage from these varices. 

The surgical shunt itself is usually difficult to directly visualise 
because of its retroperitoneal location and therefore Doppler is 
extremely useful in documenting the secondary changes in portal 
flow. Preoperative assessment of the portal venous system is essen¬ 
tial to assess the haemodynamic consequences of the shunt on 
portal flow and also to look for shunt stenosis and thrombosis in 
the follow-up period. Surgical shunts are now rarely performed and 
have been largely replaced by transjugular intrahepatic portosys¬ 
temic shunt (TIPS). 

Transjugular intrahepatic portosystemic 
shunt (TIPS) 

This minimally invasive procedure was first performed in 1969 but 
only became a widespread clinical application in the 1980s follow¬ 
ing the introduction of metallic stents (Fig. 12.14). These uncovered 
stents were prone to occlusion and stenosis. The use of covered 


stents in the late 1990s brought with them lower complication 
rates. 22 TIPS may be regarded as a palliative procedure in end-stage 
liver disease. The technique involves connecting the portal system 
to the right hepatic vein via an expandable stent. It avoids surgery 
and is safe in severe liver failure. Indications include refractory 
ascites and varices and it has been shown to significantly reduce 
rebleeding compared to endoscopic management but at a cost of an 
increased rate of encephalopathy. 23,24 The majority of variceal bleeds 
can be managed by endoscopic and medical treatment and TIPS is 
reserved for those who do not respond. It can also be employed 
prior to liver transplantation or if the patient is a poor surgical risk. 
The procedure is extremely effective in preventing haemorrhage 
from gastro-oesophageal varices, reducing ascites and improving 
the quality of life in end-stage cirrhosis. Complications include 
precipitation of encephalopathy and worsening liver function as the 
stent results in diversion of blood away from the liver. Other com¬ 
plications include haemorrhage (Fig. 12.15) (serious intraperitoneal 
haemorrhage due to laceration of the portal vein or hepatic 
artery or puncture of the liver capsule) 1-2%, death (5%) and 
infection (l-2%). 25 Ultrasound has an important role in the evalua¬ 
tion of the hepatic and portal veins pre-procedure as well as the 
post-procedure assessment of shunt function and patency. 

The procedure is performed under fluoroscopic guidance. A cath¬ 
eter is passed via the internal jugular vein to the inferior vena cava 
and into the right/middle hepatic vein. A tract is then formed 
across the liver connecting the right portal vein with the hepatic 
vein. A metal stent is sited to keep the shunt open. This results in 
immediate decompression of varices and improvement of the 
sequelae of portal hypertension. 

The main problems with TIPS are stent occlusion and stenosis. 
Occlusion or stenosis within the first few weeks is usually due to 
technical problems with the procedure. Late occlusion or stenosis 
is related to neointimal hyperplasia (Fig. 12.16). 

Direct portography with portosystemic gradient measurement is 
still the gold standard in the assessment of TIPS function but this 
is invasive and utilises ionising radiation and iodinated contrast. 
Therefore regular surveillance with ultrasound is used to detect 
problems earlier to allow interventions such as angioplasty and 
thrombolysis. The 1-year stent patency is approximately 85% with 
these interventions, a figure that falls to approximately 50% in 
their absence. Despite its widespread use in screening for TIPS 



Figure 12.14 Normal transjugular intrahepatic portosystemic shunt (TIPS). A: B-mode shows a normally sited metallic TIPS stent 
(arrow). B: Doppler shows a normal pulsatile waveform indicative of a widely patent stent. 
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Figure 12.15 Transjugular intrahepatic portosystemic shunt (TIPS) in a patient with Budd-Chiari syndrome. A: The ultrasound shows 
a large haematoma (thick arrows) adjacent to the stent (thin arrow). B: Computed tomography shows the extent of the haematoma (thick 
arrow) adjacent to the stent (thin arrow). Note the heterogeneous liver attenuation and splenomegaly (S) due to Budd-Chiari syndrome. 



Figure 12.16 Transjugular intrahepatic portosystemic shunt (TIPS) stenosis. A: Spectral Doppler shows marked elevated (2.3 m/s) 
turbulent flow in the stent which had been normal several months earlier after insertion. B: Direct portography showed a mid-stent stenosis 
(arrow) presumably due to neointimal hyperplasia. The portosystemic gradient was 21 mmHg, which following dilatation reduced to 
14 mmHg with a good angiographic result (not shown). 


dysfunction, Doppler data are inconsistent and its role in surveil¬ 
lance is controversial. The sensitivity and specificity vary widely in 
the ultrasound detection of shunt dysfunction. 26-29 

Assuming a right portal vein to right hepatic vein TIPS, Doppler 
measurements (velocity, direction of flow and waveform) should 
routinely be performed at the portal venous end, midpoint and 
hepatic venous end of the shunt as well as the hepatic vein, main 
portal vein and left portal vein. Several haemodynamic changes 


occur immediately after TIPS placement; both portal vein diameter 
and mean velocity may increase, resulting in a marked increase in 
portal vein flow volume. Blood flow in the main portal vein is 
hepatopetal but flow within the intrahepatic portal veins may be 
hepatofugal. Knowledge of the wide spectrum of normal findings 
following TIPS is essential. 

The most common site for stent stenosis is at the junction of the 
stent with the hepatic vein. There are several Doppler parameters 
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Normal Doppler indices following transjugular intrahepatic 
portosystemic shunt (TIPS) (adapted from Zwiebel WJ, Pellerito JS. 
Introduction to Vascular Ultrasonography, 5th edn. Elsevier 
Saunders, Philadelphia, 2004) 

1. Pulsatile turbulent flow in the shunt 

2. Peak systolic velocity in the shunt of at least 50-60 cm/s (range 
90-120 cm/s). Mean velocity ranging from 100 cm/s to 

>200 cm/s 

3. Similar velocity at the portal and hepatic venous ends of the 
shunt 

4. Hepatopetal flow in the portal and splenic vein 

5. Portal vein velocity: 

significantly greater then preshunt value 
at least 30 cm/s (range 20-50 cm/s) 

6. Increase in portal vein diameter which along with the increase in 
velocity results in a marked increase in portal vein flow volume 

7. Hepatofugal flow may occur in intrahepatic portal vein branches 


Abnormal clinical features and Doppler indices for transjugular 
intrahepatic portosystemic shunt (TIPS) (adapted from Zwiebel WJ, 
Pellerito JS. Introduction to Vascular Ultrasonography, 5th edn. 
Elsevier Saunders, Philadelphia, 2004) 

1. Localised high velocity (>220 cm/s) with post-stenotic turbulent 
flow 

2. Change in velocity of >100 cm/s across the stent 

3. Visible narrowing with or without high velocity 

4. Diffuse low velocity throughout the stent (<50 cm/s) 

5. Continuous non-pulsatile flow in the stent 

6. Decrease in portal vein velocity compared to pre-procedure 
values 

7. Portal vein velocity <30 cm/s 

8. Development of hepatofugal or to-and-fro main portal or splenic 
vein flow 

9. Development of hepatopetal flow in the intrahepatic portal vein 
branches 

10. Absent flow in stent 

11. Recurrence of variceal gastrointestinal bleeding 

12. Development of ascites and splenomegaly 



Figure 12.17 Subtle echo-poor complete portal vein 
thrombosis (arrows) in a patient with cirrhosis. 


Causes of portal vein thrombosis 

1. Chronic liver disease and portal hypertension, especially cirrhosis 

2. Malignancy: hepatocellular carcinoma, cholangiocarcinoma, 
pancreatic and gastric cancer 

3. Inflammatory: 
pancreatitis 
acute cholecystitis 
ascending cholangitis 
abdominal sepsis 
ischaemic bowel 

4. Coagulopathies: 

associated with Budd-Chiari syndrome 

dehydration 

oestrogen therapy 

complication of splenectomy especially in myeloproliferative 
disorders 

5. Trauma: umbilical vein catheterisation 


which can be helpful in diagnosing stent stenosis but comparison 
with the pre-procedure indices is essential. No one Doppler param¬ 
eter is sufficiently sensitive to be used in isolation to diagnose ste¬ 
nosis but use of several indices may be more helpful. 30 Ultrasound 
contrast agents have been shown to improve sensitivity and spe¬ 
cificity in the diagnosis of shunt dysfunction. 31,32 

A shunt velocity of less than 50 cm/s is highly suggestive of 
stenosis. Also local high-velocity flow or areas of turbulence or a 
change in velocity of greater than 100 cm/s across the stent are 
suspicious of stenosis. 

Stent occlusion is reliably diagnosed by Doppler with a high 
sensitivity and specificity. However, trickle flow may be missed by 
ultrasound and ultrasound contrast agents or formal portography 
is essential to confirm this. 

Portal vein occlusion 


The main causes of portal vein occlusion are due to thrombosis or 
tumour invasion. The occlusion may be complete or partial and 
only affect a branch. The most common cause is portal hypertension 
due to cirrhosis. 


In patients with cirrhosis, the reported incidence of portal vein 
thrombosis (PVT) is 5-20%. 33-35 With more advanced stages of cir¬ 
rhosis there is a higher risk of PVT than in patients with compen¬ 
sated liver disease. 36 Doppler is the most sensitive technique to 
detect PVT in cirrhosis, with the prevalence of partial and complete 
thrombosis being 1.8% and 4.4%, respectively, in one series. 12 The 
accuracy is less for branch PVT. PVT is not uncommonly a chance 
finding in cirrhosis and Amitrano et al. 36 showed that only 57% of 
cirrhotic patients with PVT were symptomatic. The presence of 
symptoms depends on whether the thrombus is complete or partial 
as well as rate of thrombus development. Clinical presentations of 
PVT include variceal bleeding due to collaterals, refractory ascites 
and small bowel ischaemia/infarction. 36 In acute thrombosis the 
thrombus may be anechoic and it may be difficult to differentiate 
from a patent vessel, especially in an attenuating cirrhotic liver (Fig. 
12.17). The ultrasound settings should be optimised, with the 
Doppler sensitivity set to pick up low flow and the vein axis made 
less than 60° to the transducer before diagnosing portal vein throm¬ 
bosis. A Valsalva manoeuvre may induce hepatofugal flow in a low 
flow system by transiently increasing portal venous resistance. The 
addition of ultrasound contrast agents or the use of other imaging 
modalities may resolve the problem. The thrombus may dilate the 
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Figure 12.18 Recanalisation of an old main portal vein thrombosis. A: B-mode shows an echogenic thrombus measured by 
callipers. B: Colour Doppler shows flow around the thrombus. 


vein. The superior mesenteric and splenic veins should be interro¬ 
gated to establish the extent of the thrombus. If these vessels are 
not involved with thrombus they are usually dilated and exhibit 
slow or reversed flow. As the thrombus matures it becomes more 
echogenic and retracts resulting in partial recanalisation (Fig. 12.18). 
More frequently cavernous transformation occurs (see below). 

False positives occur on ultrasound due to inadequate technique 
or insensitive equipment, low velocity to-and-fro portal flow, which 
is difficult to detect with Doppler, and failure to use Doppler in 
acute anechoic thrombus. False negatives may be due to the detec¬ 
tion of flow within collateral vessels erroneously mistaken for the 
main portal vein. 

In chronic portal vein thrombosis a network of collateral vessels 
(cavernous transformation) may develop within a few weeks 
around the thrombosed portal vein (Fig. 12.19). Spectral Doppler 
demonstrates portal flow in the vessels of the cavernoma. Portosys¬ 
temic and intrahepatic collateral vessels may form in chronic portal 
vein thrombosis. 

In malignancies such as hepatocellular carcinoma it is very 
important to differentiate tumour thrombus from bland thrombus. 
Massive dilatation of the portal vein (>20 mm) is suggestive of 
tumour but this is not specific. Tumour thrombus can be differenti¬ 
ated from bland thrombus by the presence of an arterial spectral 
waveform in the thrombosis (Fig. 12.20). This is important as the 
presence of tumour thrombus carries a grave prognosis and renders 
the tumour unresectable. Tumour may extrinsically compress the 
portal vein, resulting in stenosis (Fig. 12.21). 

Portal vein aneurysm 


Aneurysm of the portal vein is very rare. It may be seen in portal 
hypertension and infective aetiologies. It is important to differenti¬ 
ate it from a hepatic artery aneurysm, which carries a worse 
prognosis. 

Portal vein gas 


Portal venous gas is seen in bowel ischaemia/infarction, ulceration, 
gastrointestinal sepsis and bowel obstruction. In these conditions it 
has a poor prognosis. However, more recently improved imaging 
techniques have demonstrated it in more benign conditions such as 
pneumatosis coli, obstructive airways disease, iatrogenic enema 
administration, colonoscopy and gastrostomy tubes. Tiny echo¬ 
genic foci are seen in the portal vein. Spectral Doppler demonstrates 
spikes of high signal superimposed on the background portal vein 
trace (Fig. 12.22). 


HEPATIC ARTERY 


Anatomy and scanning techniques 


The common hepatic artery arises from the coeliac axis; after the 
origin of the gastroduodenal artery, it becomes the hepatic artery 
proper. It enters the liver adjacent to the portal vein and then 
divides into right and left hepatic branches supplying the respective 
liver lobes. The artery accompanies the portal vein, which together 
with the bile duct forms the portal triad and these terminate at the 
acinus. The hepatic artery crosses posterior to the common bile duct 
(CBD) and anterior to the portal vein at the level of the porta hepatis 
and provides an important reference point for measuring the CBD 
(Fig. 12.2). Usually the hepatic artery has divided and so the right 
hepatic artery branch is most often imaged as it passes between the 
bile duct and portal vein. The hepatic artery always lies medial to 
the common bile duct throughout its course and similar to the right 
portal vein, the right branch traverses the liver substance for a few 
centimetres before dividing into the anterior and posterior branches, 
while the left branch curves anteriorly, dividing into segmental 
branches of the parts of the liver it supplies. 

There are numerous vascular anomalies that can occur; the 
common hepatic artery can aberrantly arise from the superior 
mesenteric artery (SMA) in approximately 3% of normal variants 
or alternatively the right hepatic artery may arise from the SMA in 
11% or the left hepatic artery is replaced with a branch from the left 
gastric artery. 37 

The hepatic artery only contributes to 25% of the blood supply 
of the liver where it is predominantly supplied by the portal vein. 38 
This dual supply explains the relatively low prevalence of hepatic 
infarction. 

The hepatic artery can be traced from the coeliac axis and is easily 
visualised in the mid-clavicular line just beneath the costal margin 
in a longitudinal oblique plane. It is at the porta hepatis where the 
hepatic artery crosses between the common bile duct and portal 
vein that the artery is commonly assessed, particularly with respect 
to Doppler indices. 

Normal findings 


Doppler ultrasound can provide a quantitative measure of blood 
flow to the liver. The hepatic artery commonly demonstrates a 
splanchnic waveform on Doppler studies and normal main hepatic 
artery peak velocities are variable partly because of the angle of 
insonation (Doppler angle) which should be between 45° and 60°. 
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Figure 12.19 Cavernous transformation of a portal vein 
thrombosis. A: B-mode shows absence of the characteristic 
anechoic normal portal vein at the porta. B: Colour Doppler shows 
collaterals around an old thrombosed portal vein. C: Spectral 
Doppler reveals venous flow in these collaterals. 



Figure 12.20 Arterial flow pattern is obtained from a 
thrombosed portal vein in a patient with hepatocellular carcinoma 
confirming tumour thrombus. 
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Figure 12.21 Portal vein stenosis in a case of pancreatic carcinoma. A: Doppler from the prehepatic portal vein (proximal to a 
stenosis) shows a normal flow pattern. B: A tumour mass (arrow) is seen compressing the portal vein. The peak velocity distal to this site 
is elevated (91 cm/s) with spectral broadening. 





Figure 12.22 Portal venous gas. A: Subtle echogenic foci are 
seen in the periphery of the liver (arrow). B: Computed tomography 
of the upper abdomen (imaged on lung windows) shows portal 
venous gas (thin arrows) and free intraperitoneal gas (thick arrow) in 
a case of perforation secondary to ischaemic bowel. C: Spectral 
Doppler in another case shows the characteristic sharp bidirectional 
spikes. (Courtesy of Professor David Cosgrove.) 
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In the fasting state the hepatic artery has a low resistance flow 
pattern with a peak systolic velocity of 30-40 cm/s and a diastolic 
flow of 10-15 cm/s. 39 

It is widely accepted that changes in the haemodynamic circula¬ 
tion of the liver occur with chronic liver disease where there is an 
increase in hepatic arterial velocity with increasing fibrosis and 
progression to cirrhosis. Owing to the variation in using the velocity 
measurement on its own, many research studies have used the 
resistive index (RI) and being a ratio, it is independent of the 
Doppler angle. Hepatic artery resistive index (RI) is calculated as 
(Peak systolic velocity - End diastolic velocity)/Peak systolic veloc¬ 
ity. Typical values range between 0.7 and 0.8. 

Previous studies in patients with chronic liver disease have dem¬ 
onstrated an increase in hepatic artery RI in chronic liver disease, 
which has been thought to be related to the architectural derange¬ 
ment that occurs within the liver with increasing severity of 
disease. 40-43 The reproducibility of such data, however, has been 
shown to be unreliable, with varying reports of success from differ¬ 
ent research groups. This is predominantly owing to the fact that 
the RI is affected by many variables such as age and heart rate and 
most studies have shown no correlation with histology. 44 

Hepatic artery aneurysms 


The common sites of arterial aneurysms in following order are 
infrarenal aorta, iliac arteries, splenic artery followed by the 
common hepatic artery. Ultrasonic findings demonstrate a hypoe- 
choic mass which shows marked turbulent flow on colour Doppler 
(Fig. 12.23). The commonest cause is iatrogenic (following biopsy) 
but other causes include trauma, liver transplantation, transarterial 
chemo-embolisation, vasculitides (polyarteritis nodosa), sepsis and 
they have been reported in chronic pancreatitis. 45 These aneurysms 
commonly rupture (up to 80%) with catastrophic consequences and 
therefore should be treated urgently. 

Hereditary haemorrhagic 
telangiectasia (HHT) 


This is an autosomal dominant condition characterised by multiple 
small aneurysmal telangiectases affecting the skin, mucous mem¬ 
branes, gastrointestinal tract, brain, liver and lungs. These vessels 



are fragile with an increased propensity to haemorrhage. In the 
liver, ultrasound can demonstrate vascular malformations. Ana¬ 
tomically, three different patterns of abnormal vascular communi¬ 
cations can occur in liver: portal vein to hepatic vein (portovenous), 
hepatic artery to hepatic vein (arteriovenous) and hepatic artery to 
portal vein (arterioportal), with the most common being arteriov¬ 
enous (Fig. 12.24). Only 5-8% of patients with these vascular mal¬ 
formations are symptomatic. When symptomatic, patients present 
with high-output cardiac failure, biliary ischaemia (which, when 
severe, can progress to biliary and hepatic necrosis and lead to acute 
liver failure), or portal hypertension. 46-52 

Acquired arteriovenous fistulae are most commonly traumatic 
secondary to liver biopsy, transhepatic biliary drainage procedures, 
surgery, neoplasms or rupture of a hepatic, superior mesenteric or 
splenic artery aneurysm. 


HEPATIC VEINS 


Anatomy and scanning technique 


The blood from the sinusoids of the liver parenchyma enter the 
hepatic terminal venules where these unite to form larger veins, 
which can vary in number and position although typically in the 
majority of the population there are three major veins: the right, 
middle and left hepatic veins which empty into the superior part 
of the inferior vena cava (IVC). They are best imaged in the trans¬ 
verse plane. They are larger in calibre than the portal veins and can 
be differentiated from them by their relatively thin anechoic walls 
compared to the brighter thicker walls of the portal triads (contain¬ 
ing the portal vein, bile duct and hepatic artery) that are encased 
by echogenic fibrous walls (extension of Glisson's capsule). The 
hepatic veins do not have valves. The veins run superiorly and 
posteriorly, curving towards the IVC, and the vessel calibre 
increases as they approach the IVC. 

The right hepatic vein lies in the coronal plane and empties sepa¬ 
rately into the IVC 1 cm below the diaphragm/right atrium. The 
middle hepatic vein passes from the position of the gallbladder fossa 
and joins the left to form a short common trunk and both empty into 
the anterolateral aspect of the IVC but enter separately in 15-35%. 



Figure 12.23 Hepatic artery pseudoaneurysm secondary to endocarditis. A: Colour Doppler shows an aneurysm arising from the 
hepatic artery with turbulent flow in it (arrow). B: A selective coeliac axis angiogram revealed a bilobed pseudoaneurysm (arrow) arising 
from the left hepatic artery which was successfully embolised. 
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Figure 12.24 Hereditary haemorrhagic telangiectasia (HHT). 

A: B-mode shows an anechoic lesion in the right lobe of liver. 

B: Colour Doppler reveals this lesion to be an arteriovenous 
malformation (arrow). C: Spectral Doppler of the hepatic vein shows 
arterialisation consistent with an hepatic artery to hepatic vein 
arteriovenous malformation. 


Understanding the portal and venous anatomy is essential in 
understanding how the liver is divided into segments based on the 
Couinaud's classification. 1 This system has become widely accepted 
and is particularly useful when a precise description of the position 
of a lesion is required, particularly with respect to planning surgery 
This system based on the anatomy of the portal and hepatic veins 
is considered more accurate than a biliary segmental approach. The 
major hepatic veins course between the lobes and segments and all 
drain cephalically at confluence with the inferior vena cava (IVC) 
as described above. The middle hepatic vein runs within the main 
lobar fissure dividing the liver into two main lobes (right and left), 
thereby separating segments I-IV from segments V-VIII (Fig. 
12.25). The left hepatic vein (LHV) on the other hand runs within 
the left intersegmental fissure dividing the left lobe into medial and 
lateral segments, i.e. separating segments II and III from segment 
IV. Lastly, the right hepatic vein runs in the right intersegmental 
fissure dividing the right lobe of the liver into anterior and posterior 
segments, separating segments V and VIII from segments VI and 
VII, respectively (Fig. 12.26). The portal vein, on the other hand, 
separates the superior and inferior segments of the liver, i.e. seg¬ 
ments II from III, segments IVa from IVb and segments V and VIII 
from segments VI and VII. Therefore in general, the portal vein 
divides the segments superiorly and interiorly while the hepatic 
veins separate the anterior from the posterior segments (Fig. 12.1). 


The hepatic veins are generally easily visualised intercostally or 
subcostally. The left and middle hepatic veins are best assessed in 
a transverse oblique plane at the xiphisternum while the right 
hepatic vein is best assessed intercostally. Sometimes owing to the 
cardiac pulsations, the middle hepatic vein can be assessed in 
the intercostal plane but should be carefully distinguished from the 
right hepatic vein. 

Normal anatomical variations 


The variation in branching and presence of accessory veins of the 
hepatic venous system are relatively common. The most common 
accessory vein drains the anterosuperior segment of the right lobe 
(segment VIII) and is present in approximately 30% of the popula¬ 
tion. This accessory vein drains either into the middle or right 
hepatic vein, the former being more common. 53 Small inferior veins 
drain from the caudate and medial aspect of the right lobe directly 
into the I VC. This drainage pattern explains the behaviour of the 
caudate lobe in cirrhosis and the characteristic computed tomogra¬ 
phy (CT) enhancement pattern seen in Budd-Chiari syndrome. 
Another venous anomaly is a large accessory right hepatic vein 
entering the IVC several centimetres inferior to the main venous 
confluence in 6-10% of people. Smaller accessory veins of the LHV 
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Figure 12.25 In this transverse oblique section, the middle 
hepatic vein is demonstrated (arrow) and divides the right from the 
left lobe of the liver. Segment IV lies in between the middle hepatic 
vein and the left hepatic vein (arrowhead). 



Figure 12.26 The right hepatic vein seen in this longitudinal 
section dividing the anterior and posterior segments of the right 
lobe of the liver. 


and RHV have also been documented, the former being more 
common and seen in 12% of the population while only 3% have a 
right marginal vein. Absence of one of the three main hepatic veins 
is relatively uncommon and seen in less than 10% of people, 
although typically when this is the case variations of accessory 
veins draining the respective lobes are found. 

Hepatic venous waveforms 


The hepatic veins normally demonstrate a triphasic waveform 
pattern reflecting pressure from the right atrium owing to the thin 
venous walls and varying also with the respiratory cycle. The spec¬ 
tral waveform in the normal hepatic vein is similar to that seen in 
the internal jugular vein, being triphasic. There is a retrograde 'A' 
wave due to right atrial contraction that results in retrograde flow 
down the IVC into the hepatic veins. At the end of right atrial con¬ 
traction, at the beginning of ventricular systole, the tricuspid valve 


Hepatic vein 
velocity tracing 



Figure 12.27 Line drawing of a normal hepatic venous 
spectral Doppler waveform demonstrating the A, C, S, V and D 
waves. See text for full explanation. (From Allan PL, Dubbins PA, 
Pozniak MA, McDicken WN. Clinical Doppler Ultrasound. Churchill 
Livingstone, Edinburgh, 2001.) 



Figure 12.28 Normal triphasic waveform of a hepatic vein. 


closes, producing the 'C' wave. During ventricular systole the right 
atrium continues to fill, producing the 'S' wave with antegrade flow 
towards the heart. At the end of atrial filling antegrade flow 
decreases and can briefly reverse, resulting in a 'V' wave. During 
ventricular diastole the tricuspid valve opens and both the right 
atrium and ventricle fill, resulting in antegrade flow towards the 
heart seen as a 'D' wave (Figs 12.27 and 12.28). The cycle is then 
repeated. However, there is a large amount of variability in the 
hepatic venous trace depending on cardiac status, heart rate, liver 
disease, hydration and distance from the right atrium. 54 

It has been documented that this waveform changes with chronic 
liver disease, where the increased liver fibrosis reduces the elasticity 
of the liver, thereby damping the triphasic waveform and resulting 
in either a biphasic or monophasic wave pattern (Figs 12.29 
and 12.30). 

Studies have shown that the progression from a triphasic to a 
monophasic waveform is associated with increasing severity of 
liver fibrosis. However, this was not specific and overlap was found 
between the mild, moderate and severe fibrosis groups. It can there¬ 
fore only be inferred that an abnormal trace is likely to be associated 
with more severe chronic liver disease. 40,55,56 

Hepatic venous outflow obstruction 


Thrombosis of the hepatic veins is a relatively rare occurrence 
known as Budd-Chiari syndrome which is characterised by 
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Figure 12.29 Damping of the normal waveform in a patient 
with chronic liver disease; this is depicted as a biphasic waveform 
pattern. 



Figure 12.30 Further damping of the normal triphasic 
waveform in a patient with moderately severe fibrosis secondary to 
hepatitis C virus related liver disease; there is now only a 
monophasic trace. 


Membranous obstruction of the suprahepatic IVC (IVC dia¬ 
phragm) is a common cause of Budd-Chiari syndrome in the Indian 
subcontinent, Asia and southern Africa. 

In the acute phase sonographic assessment demonstrates a large, 
swollen and heterogeneous liver, and ascites is invariably present. 
Haemorrhagic infarction may occur, leading to a region of altered 
echotexture. The caudate lobe typically appears normal and is 
spared owing to its direct venous drainage into the IVC from emis¬ 
sary veins. However, in the chronic phase it may become enlarged 
owing to the increased blood flow. 

The hepatic veins may be partially or completely occluded by 
thrombus, or demonstrate stenosis with proximal dilatation (Fig. 
12.31). These occluded hepatic veins also cause intrahepatic collat¬ 
eral channels to open up, which appear as tubular anechoic struc¬ 
tures extending from the hepatic vein to other hepatic or portal 
venous branches or to the liver surface where they anastomose with 
the systemic capsular vessels giving a 'spider's web' appearance. 57 
Colour and spectral Doppler sonography is useful in determining 
whether there is complete occlusion, and in cases of incomplete 
obstruction there will be alteration in the phasicity of the hepatic 
venous waveform towards a monophasic pattern. Reversed flow in 
one or more of the hepatic veins is pathognomonic. Turbulent flow 
or to-and-fro pattern has also been documented. 58,59 Portal venous 
flow may be slowed, reversed or absent in thrombosis. The IVC is 
often involved in Budd-Chiari syndrome and may show reversed 
flow in its lower portion or normal antegrade flow with loss of 
phasic oscillation. 

Ultrasound contrast agents may be useful in assessing venous 
patency in difficult cases. 

Chronically the affected areas of the liver in Budd-Chiari syn¬ 
drome atrophy due to extensive fibrosis, increasing in echogenicity, 
as progression to cirrhosis occurs with the development of signs of 
portal hypertension. There is accompanying enlargement of the 
caudate lobe and adjacent part of the central part of the right lobe 
and medial segment of the left lobe. 

Hepatic veno-occlusive disease 


This is a disease that is caused by progressive occlusion of the small 
hepatic venules at the sinusoidal level. It is commonly caused iatro- 
genically by hepatic irradiation and chemotherapy, especially in 
patients undergoing bone marrow transplantation. 60 These patients 
demonstrate clinical symptoms that are indistinguishable from 
Budd-Chiari syndrome. However, in these cases, Doppler sonog¬ 
raphy shows normal appearing hepatic veins and IVC with ante¬ 
grade flow. It is the portal vein that may demonstrate an abnormality 
where the flow may be reversed (Fig. 12.32) or show phases of 
antegrade and retrograde flow ('to and fro'). This can also be sug¬ 
gested by a reduction in the flow/velocity of the portal vein. 
However, owing to the variation of portal vein flow, a baseline 
measurement needs to be performed in each individual. 


occlusion of the lumina of the hepatic veins with or without involve¬ 
ment of the IVC. 

Budd-Chiari syndrome can be either primary or secondary; the 
primary type is caused by thrombosis or intrinsic luminal web, and 
the secondary type is caused by tumour invasion or extraluminal 
compression. 

The aetiology of Budd-Chiari syndrome varies and is most com¬ 
monly idiopathic (66%) although there is an increased risk with 
blood coagulopathies, such as polycythaemia rubra vera, chronic 
leukaemia, anaemia and paroxysmal nocturnal haemoglobinuria. 
Other benign causes include the oral contraceptive pill, pregnancy 
and congenital abnormalities, particularly with obstructing mem¬ 
branes. Extension of tumours into the hepatic veins can also be 
caused by tumour extension typically seen with hepatocellular 
carcinoma (HCC), renal cell carcinoma and adrenocortical 
carcinoma. 


Hepatic venous waveforms in cardiac 
and pulmonary disease 


Alteration of the hepatic venous waveform occurs in many cardiac 
and pulmonary diseases. 

Dilatation of the hepatic veins is a common finding in both condi¬ 
tions with increase in the retrograde flow which is most commonly 
due to tricuspid regurgitation (TR) (Fig. 12.33). In mild TR there is 
increase in the V wave with attenuation of the S wave. In severe TR 
there is fusion of the S and V waves with systolic reversal of the 
S wave. 

In right ventricular dysfunction, due to pulmonary and cardiac 
disease, the A wave amplitude may be increased due to right atrial 
hypertrophy, which with further deterioration is accompanied by 
attenuation of the S wave followed by tricuspid regurgitative 
changes. 
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Figure 12.31 Budd-Chiari syndrome. A: A spider’s web’ of 
collateral vessels (arrows) is seen in the right lobe of the liver. 

B: Computed tomography shows heterogeneous enhancement of 
the liver with no patent hepatic veins seen. The caudate lobe 
(arrow) enhances normally due to its venous drainage directly into 
the inferior vena cava. C: In another patient 3D reconstruction of 
the collateral veins has been performed following intravenous 
ultrasound microbubbles. This shows multiple intrahepatic collateral 
vessels (arrows) which drain into the inferior vena cava (IVC). 



Figure 12.32 Veno-occlusive disease following bone marrow transplantation. A: The main portal vein is patent but shows reverse 
flow. All three main hepatic veins were also patent (not shown). B: Following treatment the portal venous flow normalises in direction. 
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Figure 12.33 Doppler trace showing tricuspid regurgitation. 



Figure 12.34 Multiple hypoechoic and hyperechoic rounded 
lesions within the liver with minimal vascularity. These features are 
non-specific but biopsy revealed peliosis hepatis. (Courtesy of Dr 
Pilcher.) 


'Cannon' A waves are seen in atrioventricular dissociation (com¬ 
plete heart block) due to atrial systole against a closed tricuspid 
valve. In atrial fibrillation the A wave is lost. 

Hepatic vein transit times 


The advent of contrast ultrasound has allowed functional assess¬ 
ment of the vascularity of the liver. These microbubbles can be used 
as a tracer and the theory is that in the presence of chronic liver 
disease or when there is alteration of the blood flow through the 
liver, for example in patients with metastases, this causes arteriov¬ 
enous shunting. Therefore, the time taken for a contrast agent to 
travel through the liver parenchyma and 'arrive' in the hepatic vein 
will be shortened in contrast to normal healthy individuals. There 
has been much research into utilising this technique, particularly 


with staging and grading chronic liver disease as well as detecting 
micrometastases not visible ultrasonically. 61-63 These studies have 
shown a significant decrease in hepatic vein transit time (HVTT) in 
patient with cirrhosis and there is also an appreciable decrease in 
distinguishing patients with mild from moderately severe hepatitis 
and fibrosis. It has been documented that different microbubble 
agents, however, demonstrate differing HVTT and limits of normal¬ 
ity need to be individualised according to the agent used. 64 An 
earlier arrival time has also been shown to occur in patients with 
metastases. 65 

Peliosis hepatis 


This is a rare disorder where blood-filled cavities of varying sizes 
(mm to cm) develop within the liver. It is different from haeman¬ 
giomas where there are portal tracts and stroma within these blood- 
filled spaces. The diagnosis can only be confirmed histologically. 
There is an association with immunosuppressed patients and those 
taking anabolic steroids. Doppler sonography is non-specific and 
may show single or multiple masses of varying and heterogeneous 
echogenicity 66 (Fig. 12.34). The assessment with contrast ultrasound 
has not been fully described and anecdotally the lesion can demon¬ 
strate mild enhancement but appears bland. 
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INTRODUCTION 


Liver transplantation is an effective treatment for a variety of irre¬ 
versible acute and chronic liver diseases. With advances in periop¬ 
erative techniques, immunosuppressive agents, and postoperative 
care, liver transplantation has 1-year survival figures in excess of 
85 %} Liver transplantation is offered for a wider range of diseases 
and to older patients than previously Imaging and in particular 
ultrasound has transformed the care of patients undergoing trans¬ 
plantation, with the ready availability of bedside ultrasound 
imaging providing an instant answer to an often non-specific clini¬ 
cal scenario. The advent of colour Doppler ultrasound (CDUS) in 
particular has considerably aided the management of vascular 
abnormalities associated with liver transplantation. The addition of 
microbubble contrast agents has further strengthened the useful¬ 
ness of ultrasound. 2 

This chapter will illustrate the role of ultrasound in the pre¬ 
transplant and short- and long-term postoperative imaging of the 
liver in the adult patient. In addition, aspects of ultrasound in 
relation to paediatric liver transplantation will be discussed. 


INDICATIONS FOR LIVER 
TRANSPLANTATION 


The indications for liver transplantation include end-stage acute 
liver failure, advanced chronic liver disease, inherited metabolic 
disorders (where function of the native liver is inadequate), and 
primary hepatic malignancy confined to the liver, incurable by 
any other treatment (Table 13.1). End-stage chronic liver disease 
accounts for approximately 70% of all liver transplant activity in 
Europe and North America but the indications for transplantation 
have changed over the past ten years, with alcohol-related and 
viral-related cirrhosis, predominantly hepatitis C, presenting an 
expanding indication. 3 Patients with early-stage hepatocellular car¬ 
cinoma (HCC) are accepted for transplantation if they meet the 
Milan criteria of no lesion greater than 5 cm in diameter and no 
more than three lesions greater than 3 cm in diameter. 4 Often the 
bulk of the HCC is down-sized with local chemo-embolisation 
therapy prior to transplantation. 


PRE-TRANSPLANT ULTRASOUND 


Pre-transplant imaging plays an important role in identifying 
contraindications to transplantation, anatomical abnormalities and 
variants that may alter the surgical approach. 

Acute liver failure 


Patients presenting with acute liver failure may have a normal liver 
on ultrasound, or may present with a small or rapidly shrinking 
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Table 13.1 Indications for liver transplantation in adults 

Chronic liver disease 

Metabolic 

Neoplastic 

Acute liver failure 

Congenital 

• Primary biliary 

• Wilson’s disease 

• Hepatocellular 

• Drugs/toxins 

• Polycystic 

cirrhosis 

• Haemochromatosis 

carcinoma 

• Viral (HAV, HBV) 

disease 

• Primary sclerosing 

• a-i-Antitrypsin 

• APUDomas 

• Wilson’s disease 

• Caroli’s disease 

cholangitis 

deficiency 

• Epitheloid 



• Secondary biliary 

• Familial 

haemangioendothelioma 



cirrhosis 

hypercholesterolaemia 




• Alcohol 

• Familial amyloid 




• Autoimmune hepatitis 

polyneuropathy 




• Viral hepatitis (HCV, 

• Primary hyperoxaluria 




HBV, HDV) 

• Budd-Chiari 

• Cystic fibrosis 




syndrome 






liver. Monitoring the size of the liver by ultrasound is a guide to 
prognosis. Patients presenting with acute liver failure will lack the 
sequelae of chronic liver disease and portal hypertension: ascites, 
heterogeneous liver parenchyma, irregular liver margin and an 
enlarged spleen. Ultrasound serves as a 'screening' tool to exclude 
unsuspected disease without contributing to the management of 
the liver failure, to confirm the patency of the portal vein and to 
exclude extensive liver malignancy. The assessment of the hepatic 
artery resistive index (RI), a measure of the 'stiffness' of the failing 
liver, can predict the need for transplantation, as with improved 
medical management of acute liver failure, recovery without the 
need for transplantation can be achieved. 5 

Chronic liver disease 


The majority of patients referred for liver transplant assessment 
will have chronic liver disease, the cause of which will already be 
established. The emphasis in investigating these patients is in 
recognizing the sequelae of chronic disease and to exclude any 
contraindications to transplantation. 

Liver parenchyma 

Cirrhosis can be defined as macronodular, with nodules >3 mm in 
size, more commonly seen in chronic viral hepatitis, Wilson's 
disease and (Xi-antitrypsin deficiency, or micronodular, with 
nodules <3 mm in size, as seen in alcoholic cirrhosis, biliary obstruc¬ 
tion, haemochromatosis and Budd-Chiari syndrome. 6 However, 
there is considerable overlap between the two groups, and a mixed 
pattern is often present. Signs of cirrhosis on ultrasound include a 
coarse, heterogeneous echotexture with increased reflectivity (Fig. 
13.1). There is often relative atrophy of segments IV-VIII, with 
hypertrophy of the caudate (segment I) and left lateral lobes (seg¬ 
ments II and III). The gallbladder wall is often thickened (Fig. 13.2). 

The caudate lobe can become enlarged surrounding the inferior 
vena cava (IVC), which is of relevance in living donor transplanta¬ 
tion where the recipient I VC is preserved. Cirrhosis may cause 
narrowing of the hepatic veins with loss of the normal phasic wave¬ 
form. Intrahepatic vessels may be indistinct. 7 

Hepatocellular carcinoma (HCC) 

Ultrasound is often used to screen for HCC in a high-risk popula¬ 
tion, and will be used to assess patients waiting for a transplant. 
Cirrhotic nodules can progress to regenerative, then dysplastic 
nodules and then on to frank hepatocellular carcinoma, with 80% 
of hepatocellular lesions arising from this process. The reflectivity 
of hepatic nodules reflects their histological composition, whereas 
their detectability on ultrasound depends on the difference in 
reflectivity between the nodule and the normal liver parenchyma. 
Nodules can be hyperechoic, isoechoic or hypoechoic on 



Figure 13.1 Advanced cirrhosis. The liver is surrounded by fluid, 
the texture is heterogeneous and the surface is irregular. 



Figure 13.2 Gallbladder wall thickening. The gallbladder wall is 
markedly thickened (arrow) and there is a large gallstone present in 
a patient with advanced cirrhosis. 






Pre-transplant ultrasound 



Figure 13.3 Nodule in cirrhosis. A: A ‘new’ focal lesion of low reflectivity (arrow) is seen in this patient with cirrhosis. B: A microbubble 
contrast-enhanced ultrasound demonstrates that this is a benign regenerative nodule (arrow). 


ultrasound, making a definite diagnosis of a de-novo hepatocellular 
carcinoma on routine B-mode imaging ultrasound unreliable. 8 
Hence any new nodule in a patient under surveillance for chronic 
liver disease should be viewed with suspicion (Fig. 13.3). Ultra¬ 
sound for early detection of hepatocellular carcinoma in a screening 
population has sensitivities of 85-100%, specificities of 81-98%, and 
positive predictive values of 54-78%. 8 The use of contrast-enhanced 
ultrasound (CEUS) may help to further characterise the lesions. 9,10 
The sensitivity and specificity of CEUS in the diagnosis of HCC 
have been found to be similar to that of contrast-enhanced com¬ 
puted tomography (CECT), with enhancement on the arterial 
phase, and washout on the portal venous phase, taken as diagnostic 
for HCC. 11 As many as 25% of lesions <2 cm with arterial enhance¬ 
ment but without venous washout in cirrhotic liver remain stable 
or regress over time and are not HCC. 12 

Other malignancies 

Cholangiocarcinoma is seen most commonly as a consequence of 
primary sclerosing cholangitis, seen on ultrasound as a hyper- to 
hypoechoic ill-defined mass, usually in the region of the liver 
hilum, giving rise to dilated intrahepatic ducts. Proven cholangi¬ 
ocarcinoma is a contraindication to transplantation. Fibrolamellar 
hepatocellular carcinoma (FLHCC) is a subtype of HCC, has dis¬ 
tinct radiographic features and a better prognosis. FLHCC occurs 
primarily in young adults, without any associated cirrhosis or 
elevation of alpha-fetoprotein and is relatively slow growing. On 
ultrasound, FLHCC usually presents as a large solitary mixed 
reflective mass within a non-cirrhotic liver. Surface lobulations, 
punctate calcification and a central fibrous scar, similar to that seen 
in focal nodular hyperplasia, are evident in the majority of patients. 13 
These patients may be candidates for either resection or transplan¬ 
tation even with large tumours. The detection of an extrahepatic 
tumour with or without hepatic metastases excludes the patient 
from transplantation. 

Preoperative vascular assessment 


Portal vein 

The main portal vein usually bifurcates into the right and left portal 
veins, readily demonstrated by CDUS. The main portal vein may 
trifurcate with an early branching pattern in the right hepatic lobe. 


Ultrasound is not reliable in the delineation of more complex 
anatomy of the portal vein. Portal venous spectral Doppler ultra¬ 
sound in normal patients should give a continuous, undulating 
hepatopetal trace, although there is considerable variation in flow 
velocity. In the cirrhotic liver, portal hypertension develops, with 
the increase in pressure accounting for the ensuing complications. 
Portal velocity and portal venous flow vary inversely with the 
hepatic venous pressure gradient. 14 Portal hypertension may also 
result in splenomegaly, which may be readily assessed by ultra¬ 
sound and monitored over time. Recanalisation of the umbilical 
vein in the ligamentum teres may be seen, inferring patency of the 
portal vein with antegrade flow. 

Portal venous thrombosis is a common complication of chronic 
liver disease, occurring in 5-10% of patients with end-stage cirrho¬ 
sis. 15 Although not an absolute contraindication to transplantation, 16 
preoperative detection is vital as the full extent of any thrombus 
needs to be demonstrated for optimal surgical planning. 17 B-mode 
imaging of thrombus may show the presence of hyper-reflective 
material lying within the portal vein, seen as either complete occlu¬ 
sion or a tongue of thrombus with some surrounding flow. Ultra¬ 
sound is both sensitive and specific in the detection of portal venous 
thrombosis, with the small proportion of inaccurate investigations 
attributed to a diminished flow rate. 18 Although CDUS of the portal 
vein has a reported sensitivity of 87.5-94.0% compared to indirect 
portography, the use of CEUS improves colour and spectral Doppler 
signal in difficult cases. 19 Ultrasound is sufficiently accurate, as 
compared to CECT, in predicting portal venous patency for it to be 
advocated as the sole means of assessment in patients with no prior 
surgery. 20 Low flow or reversal of flow in the portal vein may be 
better documented with CEUS, a reliable indicator of flow direction 
(Fig. 13.4). 21 Microbubble contrast is reported to improve portal vein 
visualisation in up to 94% of patients with a suboptimal baseline 
CDUS examination. 19 In equivocal cases either magnetic resonance 
venography (MRV) or alternatively indirect portography should be 
performed, but should rarely be needed with the availability of 
microbubble contrast enhancement. In patients with HCC, malig¬ 
nant thrombus can be inferred by the presence of enhancement 
within the thrombus with CEUS whereas absence is more likely in 
benign thrombus. 22 A venous conduit may be fashioned from the 
patent superior mesenteric vein (SMV) to the donor graft; demon¬ 
stration of SMV patency is required when portal vein thrombus is 
seen. However, this is difficult to achieve even with the use of 
microbubble enhancement, and indirect portography, CECT or 
MRV may be necessary. 
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Figure 13.4 Flow reversal in the portal vein. On the baseline 
colour Doppler ultrasound examination, no flow was seen in the 
portal vein. With contrast-enhanced ultrasound, contrast is seen to 
fill the portal vein (arrow) late and flow in a reversed direction. This 
confirms portal vein patency, important preoperative information. 


Hepatic veins 

The main branches of the hepatic vein drain into the IVC. Accessory 
right hepatic veins occur in 6% of people and can cause increased 
bleeding if unrecognised before surgery The normal hepatic venous 
waveform is triphasic but loss of pulsatility and damping occurs in 
conditions of decreased liver compliance (such as cirrhosis) as well 
as other causes of raised intra-abdominal pressure such as ascites. 23 
Occlusion of the venous flow may occur at the level of the post- 
sinusoidal vein to the IVC and right atrium in Budd-Chiari syn¬ 
drome, with CDUS assessment of hepatic venous patency usually 
definite in the normal patient. 24 Non-visualisation of the veins is not 
diagnostic of occlusion and use of microbubble contrast is reported 
to improve operator confidence (Fig. 13.5). 16 Hepatic venography 
remains the reference standard used in diagnosis of hepatic vein 
occlusion, demonstrating a spider web appearance due to occlusion 
of the hepatic veins. 

Hepatic artery 

The spectral waveform pattern of the hepatic artery may give indi¬ 
rect clues to ongoing disease changes. For example, in the presence 
of cirrhosis, there is a hyper-dynamic hepatic arterial circulation 




Figure 13.5 Budd-Chiari syndrome. A: The inferior vena cava 
(long arrow) receives tributaries (short arrows) from the caudate 
lobe in the patient with Budd-Chiari syndrome. B: Contrast- 
enhanced ultrasound demonstrates the enhancement of 
the hypertrophied caudate lobe (arrows) with relative poor 
enhancement of the remainder of the liver. C: The equivalent CT 
image demonstrating poor perfusion of the liver outside the 
caudate lobe. 






Pre-transplant ultrasound 



Figure 13.6. Hepatic artery in cirrhosis. The configuration of the 
spectral Doppler waveform in the hepatic artery of a patient with 
advanced liver cirrhosis, and a patent portal vein, demonstrates a 
high resistive index reflecting the increased stiffness of the liver. 



Figure 13.7 Occluded transjugular intrahepatic portosystemic 
shunt. The reflective walls of the stent are seen with no 
enhancement of the lumen (arrow) following administration of 
microbubble contrast. 


with a high RI, manifest by low-velocity forward flow in diastole 
(Fig. 13.6). The RI falls with the development of a portal vein throm¬ 
bosis. An RI <0.5 is reported to be 100% specific but only 44% sensi¬ 
tive for the development of a portal vein thrombus. 25 With fulminant 
hepatic failure the RI of the hepatic artery is elevated and mirrors 
the decline in hepatic function, and may be used as a further para¬ 
meter to indicate the need for transplantation. 5 

Portal-venous shunts 

Transjugular intrahepatic portosystemic (TIPS) shunt, the creation 
of a shunt between the portal and hepatic venous systems, is a 
common procedure in the management of variceal haemorrhage 
and intractable ascites secondary to portal hypertension. This is 
often a holding measure whilst awaiting transplantation. Unfortu¬ 
nately TIPS stents have a significant rate of stenosis and occlusion 
and require frequent monitoring. Clearly therefore, non-invasive 
imaging is preferable in this group of patients. 26 B-mode imaging 
of the TIPS stent will demonstrate a highly echogenic grid pattern, 
representing the wall of the stent, through which the internal lumen 
often cannot be adequately visualised. The exact range of 'normal' 
flow velocity is disputed. Flow velocities in excess of 200cm/sec 
should be regarded as suspicious for a narrow stent. 27 Contrast- 
enhanced ultrasound confirms patency of the TIPS stent and will 
identify narrowing (Fig. 13.7). 28 A suspected TIPS stenosis by any 
criteria should be referred for further imaging, either with MRV or 
transjugular venography. End-to-side portacaval shunts may be 
demonstrated with some difficulty by ultrasound, but there are no 
data published regarding the accuracy in comparison with direct 
venography (Fig. 13.8). 29 

Assessment of living related donors 


Ultrasound of the abdomen is routinely performed as part of the 
radiological work-up of living related donors, with visualisation of 
all of the solid organs, in order to confirm their normality, and to 
exclude liver parenchyma changes and unsuspected lesions. The 
focus of the examination, however, is the hepatic vasculature, with 
particular attention paid to the anatomy of the hepatic veins, as this 
has an influence on choice of resection. In addition to ultrasound, 
donors will routinely undergo dual phase CECT of the liver (portal 
and hepatic venous phases), thus giving the surgeon the maximum 
possible information with which to plan surgery. 



Figure 13.8 Portal vein to inferior vena cava shunt. There is 
flow reversal in the portal vein (short arrow) with an enlarged inferior 
vena cava with turbulent flow note (long arrow) in a patient with a 
surgical portosystemic shunt. 


Liver volume assessment 


Of critical importance in determining the successful outcome of 
transplantation, particularly with the advent of split liver grafts in 
the fields of paediatric and living related donor transplantation, is 
the size of the graft used. A donor liver should be no less than 50% 
of the size of the replaced native liver, since below this there is a 
risk of hepatic failure postoperatively. Conversely, a graft may be 
up to 20% larger than the explanted liver. Grafts above this size 
may cause compression of the adjacent vascular structures and be 
poorly perfused. In all cases, mismatches lead to problems in 
performing the vascular and biliary anastomoses. 30,31 Ultrasound 
determination of volume can be performed by measuring the cross- 
sectional area of the liver as seen on consecutive scans in the sagittal 
plane at 1 cm intervals and adding these together, a technique that 
has been shown to be both accurate and reproducible. 32 However, 
this is a time-consuming procedure and has now been superseded 
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Figure 13.9 Conventional liver transplantation. Donor-recipient sites for vascular and biliary anastomoses. The gallbladder is normally 
removed. (Modified from Sidhu PS and Baxter GM (eds), Ultrasound of Abdominal Transplantation. Thieme, Stuttgart, 2006.) 


by CECT, which is accurate and has the additional capability of 
calculating segmental volumes. 33 


SURGICAL TECHNIQUES 


Prior to performing an ultrasound examination in the post¬ 
transplant patient, it is important to know the type of surgical 
procedure performed, as variations exist, from transplant of the 
whole liver, transplant of a single liver lobe, or segmental liver 
transplantation. 34 

In adults the usual procedure is to explant the native liver and 
replace with a cadaveric allograft, termed orthotopic liver trans¬ 
plantation (OLT). Revascularisation of the allograft requires anas¬ 
tomoses of the hepatic artery, portal vein and I VC, with biliary tract 
reconstruction performed to establish bile drainage; the gallbladder 
is normally removed (Fig. 13.9). Many different anastomoses may 
be performed according to the preference of the surgeon, the 
anatomy of the donor and recipient vessels, and the underlying 
disease. Traditionally the anastomoses are 'end-to-end' except with 
the I VC where a modified technique preserves a stump of the donor 
I VC and an anastomosis is fashioned with the three hepatic veins 
('piggy-back' technique). This technique avoids clamping the IVC 
during surgery (Fig. 13.10). 

The term liver reduction is used when a liver is cut down to the 
required size for the recipient and the remaining segments are 
discarded. The technique of liver splitting is an extension of liver 
reduction and enables a donor liver to be used to transplant two 
recipients rather than one, the liver usually being split into an 
extended right lobe and the left lateral segment. 35 



Figure 13.10 ‘Piggy-back’ implantation in liver 
transplantation. The sagittal section demonstrates the various 
anastomoses. (Modified from Sidhu PS and Baxter GM (eds), 
Ultrasound of Abdominal Transplantation. Thieme, Stuttgart, 2006.) 


EARLY POSTOPERATIVE ULTRASOUND 

Following liver transplantation patients are susceptible to a 
wide variety of complications that can threaten both allograft and 
patient survival. Some complications are those seen in any patient 
who has undergone a major surgical procedure or is receiving 








































Early postoperative ultrasound 



Figure 13.11 Fluid in the falciform ligament. Fluid surrounds 
the falciform ligament (arrow) in this patient following transplantation. 



Figure 13.12 Normal post-transplant hepatic artery and 
portal vein. The normal hepatic artery (short arrow) should return a 
low resistance spectral pattern with high forward velocity in end 
diastole with a resistive index of between 0.5 and 0.8. The portal 
vein (long arrow) should demonstrate a continuous hepatopetal flow 
with minor respiratory modulation. 


immunosuppressive drug therapy, but other complications are 
unique to the surgical transplantation procedure performed. The 
main postoperative complications may be grouped into vascular 
and non-vascular abnormalities. 36,37 Clinical and laboratory findings 
are often non-specific, making the clinical diagnosis and manage¬ 
ment of these complications difficult. Ultrasound is normally the 
first line of evaluation in the post-transplant phase, used when there 
is clinical evidence of graft dysfunction, or routinely for the early 
detection of complications before any clinical suspicion of 
abnormality. 

Normal postoperative ultrasound 


Following transplantation the liver appears of normal smooth 
homogeneous reflectivity as would a normal liver in any patient. 
Often during the procedure haemorrhage occurs or residual ascites 
may be present, with small amounts of free fluid seen, occasionally 
tracking along the falciform ligament (Fig. 13.11). The biliary tree 
is normal, although areobilia may be encountered in patients with 
a fashioned choledochojejunostomy (Roux-en-Y loop). All the 
vessels (hepatic artery, portal vein, IVC and hepatic veins) should 
be patent (Fig. 13.12). Colour and spectral Doppler imaging of the 
vessels will confirm patency, with interrogation of the main, left 
and right hepatic artery of importance. The normal hepatic artery 
should return a low resistance spectral pattern with high forward 
velocity in end diastole. The RI of a normal hepatic artery is 0.5-0.8. 
The normal acceleration time (from end diastole to the first systolic 
peak) is less than 0.08 second. The portal vein should demonstrate 
a continuous hepatopetal flow with minor respiratory modulation, 
with the hepatic waveform demonstrating variation during the 
cardiac cycle. 

Abnormal postoperative ultrasound 


Vascular complications 

Hepatic artery 

In the first 2 weeks following liver transplantation, routine colour 
and spectral Doppler ultrasound plays an important role in the 
detection of both clinically evident and clinically unsuspected 


vascular complications, particularly hepatic artery thrombosis 
(HAT). There is evidence to suggest that routine ultrasound of all 
the hepatic vessels on the first day following liver transplantation 
and, subsequently, every 3 days in the early postoperative phase is 
beneficial. 38 Any clinical change would also prompt immediate 
ultrasound of the hepatic artery as after transplantation the donor 
biliary system is entirely dependent on hepatic arterial blood 
supply, in particular the right hepatic artery. 39 In the early postop¬ 
erative period, the spectral Doppler waveform can be quite varia¬ 
ble, from the presence of high forward diastolic flow to the absence 
of any flow at all in diastole. Absence or reversal of flow in diastole 
does not appear to indicate a predisposition for thrombosis in the 
immediate postoperative period. 40 While absence of any colour or 
spectral Doppler flow in the hepatic artery can be suggestive of 
thrombosis in the immediate post-transplant period, other factors 
may contribute to an undetectable hepatic artery signal. 16 Reper¬ 
fusion oedema may occur within the graft for up to 72 hours post 
transplant, leading to an increased RI, and diminished Doppler 
arterial signal. Furthermore, any cause of oedema or inflammation 
in the transplant may produce a similar result; viral hepatitis or 
rejection can cause severe oedema that can markedly damp the 
hepatic artery waveform. 41 

Hepatic artery thrombosis 

The quoted incidence of HAT is 5% of adults and 9-18% of 
children. 42 HAT is a serious complication with mortality of 50- 
58%; re-transplantation is often required and even following 
re-transplantation mortality remains high at 27-30%. Risk factors 
for HAT include a significant difference in hepatic artery calibre 
between the donor and recipient, an arterial conduit, excessive cold 
ischaemia time, ABO blood type incompatibility, cytomegalovirus 
infection, acute rejection, and previous stenotic lesion of the coeliac 
axis. 42 Clinically, impending or complete occlusion of the hepatic 
artery is often indicated by generalised non-specific deterioration 
of the liver function tests or a biliary leak. 39 If the biliary tree sur¬ 
vives the initial ischaemic event, then biliary strictures may develop, 
particularly at the hilum of the left and right ducts. 43 This in turn 
may lead to infective complications such as cholangitis and biliary 
abscess formation. Hepatic abscess formation is also more common 
with chronic ischaemia. 44 

The normal Doppler waveform in the hepatic artery is of a broad 
systolic peak, high diastolic velocity and low resistive index. Any 
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deviation from this pattern must be carefully watched and followed 
up with serial spectral Doppler ultrasound, with a low threshold to 
proceeding to CECT angiography or conventional angiography, the 
gold standard in evaluation of hepatic artery patency. 45 Although 
the hepatic arterial waveform in the immediate postoperative 
period varies, impending thrombosis is suggested when a previ¬ 
ously normal Doppler waveform proceeds to absent diastolic flow 
with damping of the systolic peak. This is thought to occur prior to 
progression to complete loss of the hepatic arterial signal. 46 

The ultrasound features of HAT include an absence of colour and 
spectral Doppler flow, with a wall 'thump' on Doppler ultrasound. 
Ultrasound microbubble contrast media, by markedly increasing 
the intensity of the Doppler signal, may help to prevent false posi¬ 
tive diagnosis of HAT (Fig. 13.13). 2,16,46 HAT is most common in the 
first 6 weeks following transplantation but can arise distant from 
the time of transplantation. Collateral vessel formation with recruit¬ 
ment of vessels from the jejunal vascular arcade in patients with a 
choledochojejunostomy rarely occurs in adults, and takes at least 3 
weeks to become apparent, but is more common in children (Fig. 
13.14). 47 B-mode ultrasound will demonstrate ischaemia as areas of 
heterogeneity and decreased reflectivity, but this is a late develop¬ 
ment and revascularisation will not save the graft. Ischaemic lesions 
tend to liquefy and may become infected, acting as a source of 
intermittent or recurrent sepsis (Fig. 13.15). CDUS has quoted 



Figure 13.13 Hepatic artery thrombosis. A: On the colour 
Doppler ultrasound image there is no flow signal in the hepatic 
artery (arrows) despite optimal imaging parameters. B: On the 
contrast-enhanced ultrasound image, there is still no signal from 
the hepatic artery - the artery is occluded (arrows). C: The 
conventional angiographic study confirms the occluded common 
hepatic artery (arrow). 



Figure 13.14 Collateral vessel formation. In this adult patient 
with hepatic artery thrombosis, collateral vessels (short arrows) have 
arisen to re-form the intrahepatic artery (long arrow). 











Early postoperative ultrasound 



Figure 13.15 Liver ischaemia and infarction with hepatic artery thrombosis. A: There are area of altered reflectivity (arrows) 
in the liver of this patient with hepatic artery thrombosis (same patient as in Fig. 13.13), suggesting areas of ischaemia and infarction. 
B: On contrast-enhanced ultrasound these areas (arrows) are more obvious and likely to be areas of infarction. The liver graft is not 
viable and re-transplantation is necessary. The arrowhead points to a subhepatic fluid collection. 


sensitivities of 82-92% in the diagnosis of HAT. 36,48 Our experience 
suggests that colour Doppler ultrasound of the HA will visualise 
96% of hepatic arteries post transplant, and further interrogation of 
the non-visualised hepatic artery using CEUS improves detection 
to 98.7%. 46 Using microbubble contrast has the advantage of rein¬ 
forcing the signal from the hepatic artery in patients with dimin¬ 
ished but present hepatic arterial flow; and precludes the need for 
more cumbersome and invasive imaging with CECT or angiogra¬ 
phy False negative findings may result from the presence of peri¬ 
portal arterial collateral vessels in chronic thrombosis. Collateral 
vessel flow causes damped (tardus parvus) hepatic artery wave¬ 
form similar to that distal to a significant hepatic artery stenosis 
(HAS), with a prolonged acceleration time and low RI (Fig. 13.16). 
Patients who still demonstrate absent flow following CEUS undergo 
CECT angiography of the liver. The excellent spatial resolution and 
rapid scan times allow CECT angiography to depict small vessels 
for evaluation of both patency and stenosis. 49 Ultrasound will, 
however, continue to provide first-line imaging assessment of the 
post-transplant hepatic artery. 

Hepatic artery stenosis 

Stenosis of the hepatic artery has been reported to occur in up to 
5% of hepatic transplant recipients, 50 but in our experience the inci¬ 
dence is close to 3%. 51 Hepatic artery stenosis commonly occurs in 
the early postoperative period but may occur several years after 
transplantation; occurring most often at the site of the surgical 
anastomosis. If untreated, severe HAS can lead to allograft rejection 
and progress further to the development of all the complications 
associated with HAT. 50 Hepatic artery stenosis may be attributed to 
inadequate surgical technique, surgical clamp injury, allograft rejec¬ 
tion, microvascular injury associated with disrupted vasa vasorum, 
underlying liver disease, and preservation injury. Hepatic artery 
stenosis produces an intrahepatic spectral Doppler tardus parvus 
waveform, which is defined as a reduced RI of less than 0.5, and a 
prolonged systolic acceleration time (SAT) of greater than or equal 
to 0.08 seconds (Fig. 13.17). 51 The SAT is defined as the time from 
the onset of the systolic upstroke to the first systolic peak. Based on 
the tardus parvus waveform, sensitivity of between 85% and 97% 
for CDUS detection of the presence of HAS has been quoted. 41,50 
However, if only one of the defining parameters - reduced RI or 
prolonged SAT - is present, the frequency of finding hepatic artery 



Figure 13.16 Chronic hepatic artery thrombosis. Collateral 
vessel flow causes damped hepatic artery waveform similar to that 
distal to a significant hepatic artery stenosis with a prolonged 
acceleration time and low resistive index (same patient as 
Fig. 13.14). 


stenosis is decreased. 41 The tardus parvus spectral waveform is 
non-specific for stenosis and similar patterns may be seen in severe 
aorto-coeliac atherosclerotic disease, arteriovenous fistula, arterio- 
biliary fistula formation and in long-standing thrombosis with col¬ 
lateral development. Therefore the primary Doppler ultrasound 
criterion of arterial stenosis in any location of the body, a marked 
focal increase in peak systolic velocity (>2 m/s) at the site of the 
stenosis, should be sought and is dependent on the direct evalua¬ 
tion of the site of the stenosis (Fig. 13.18). Difficult ultrasound evalu¬ 
ation of the vessels, particularly in the subhepatic space, markedly 
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reduces the possibility of detecting a raised peak systolic velocity. 
The use of CEUS may be beneficial in patients with HAS, making 
it easier to accurately identify the exact site of the stenosis and to 
identify collateral vessel formation, if present. 51 

There are two situations where the diagnosis of HAS should be 
made with caution: during surgery using intraoperative Doppler 
ultrasound, and in the early (<48 hours) postoperative period. Fre¬ 
quently the postoperative low RI will over time return to normal. 
Therefore follow-up ultrasound is recommended when a low RI is 
detected in the HA in the presence of normal hepatic function in 
the postoperative period. If clinical suspicion for HAS remains high, 
a normal ultrasound examination should not prevent CECT angi¬ 
ography, as HAS may not manifest the tardus parvus Doppler 
ultrasound abnormality. 49 However, in the absence of a tardus 
parvus waveform the HAS is less severe, but nevertheless impor¬ 
tant to identify, in order that appropriate clinical management is 
instituted. A normal hepatic artery spectral Doppler waveform on 



Figure 13.17 Hepatic artery stenosis - intrahepatic waveform. 

Hepatic artery stenosis produces an intrahepatic spectral Doppler 
tardus parvus waveform, in this patient with a resistive index of 
0.44, and a prolonged systolic acceleration time of 0.106 seconds. 


serial examinations accurately excludes significant hepatic artery 
disease. The diagnosis of HAS may be inferred using ultrasound if 
serial hepatic arterial spectral Doppler waveforms show a progres¬ 
sive reduction in arterial velocity proximal to the site of the stenosis 
and the development of the tardus parvus waveform in the absence 
of parenchyma abnormality. 

Hepatic artery stenosis and occlusion over a long period may 
have less devastating consequences to the liver graft. If the hepatic 
artery narrows and subsequently becomes occluded graft function 
may be preserved due to the formation of a number of arterial col¬ 
laterals. Furthermore, when a choledochojejunostomy is fashioned 
in children or adults replacing a recipient common bile duct, the 
highly vascular jejunal bed allows rapid collateralisation and pro¬ 
tects the graft from acute ischaemic complications. In the presence 
of a good collateral supply an entirely normal intrahepatic spectral 
Doppler waveform may be demonstrated even in the presence of 
complete main hepatic artery occlusion. A more common finding 
is the damping of the intrahepatic systolic arterial spectral Doppler 
waveform with the maintenance of high diastolic spectral Doppler 
waveform. Hence the presence of hepatic arterial flow within the 
graft must be taken in the clinical context of graft function. Although 
late arterial occlusion may be clinically silent, the majority of 
patients suffer one or more complications. 42 

Hepatic artery pseudo-aneurysm (HAP) 

Hepatic artery pseudo-aneurysm formation following liver trans¬ 
plantation is an uncommon vascular complication with an esti¬ 
mated occurrence of 1%. 52 Hepatic artery pseudo-aneurysm may 
be caused by defective vascular reconstruction or infection, and 
usually occurs at the site of the anastomosis. When seen in an int¬ 
rahepatic site, percutaneous needle biopsy is usually responsible. 
The potential for rupture, followed by fatal haemorrhage, makes 
early diagnosis and treatment important. Diagnosis of HAP requires 
a high degree of suspicion, as it is often asymptomatic. Any low 
reflective collection in the vicinity of the hepatic artery anastomosis 
must be evaluated with colour Doppler ultrasound. Biopsy-related 
intrahepatic pseudo-aneurysms may be small and may not be seen 
with ultrasound or CECT, with arteriography the gold standard for 
detection. 52 Pseudo-aneurysm formation must be considered in any 
patient with haemobilia, gastrointestinal bleeding beyond the 
second part of the duodenum without an endoscopically visible 
source, and also in those with enlarging intrahepatic haematomas 



Figure 13.18 Hepatic artery stenosis - direct visualisation. A: The primary Doppler ultrasound criterion of arterial stenosis in any 
location of the body is a marked focal increase in peak systolic velocity by direct evaluation of the site of the stenosis. In this case a 
velocity of 2.10 m/s is seen in the transplant hepatic artery in the subhepatic space. B: The angiographic study demonstrates the stenosis 
of the hepatic artery (arrow) as seen on the ultrasound examination. 





















Early postoperative ultrasound 


on ultrasound. Mortality from an extrahepatic HAP approaches 
70%; re-transplantation is often required, with trans-arterial emboli¬ 
sation a temporary holding manoeuvre. On CDUS, a HAP appears 
as a cystic structure, usually near the course of the hepatic artery; 
its interior is colour filled, demonstrating a turbulent arterial flow 
(Fig. 13.19). 


Post-transplant hepatic artery/portal vein 

• A normal hepatic artery spectral Doppler waveform on serial 
ultrasound examinations accurately excludes significant hepatic 
artery disease. 

• Hepatic artery occlusion and stenosis over a long period may 
have a less devastating consequence on liver graft function; 
hepatic abscess formation is more common. 

• A peak velocity of greater than 100 cm/s or a three- to fourfold 
step-up in velocity across the narrowed portal vein is suggestive 
of stenosis. 


Portal vein stenosis 

The flow characteristics in the transplanted portal vein are often 
abnormal owing to a degree of infolding at the portal anastomosis. 
This leads to flow disturbances beyond the anastomosis, manifest 
by colour turbulence on CDUS. Portal vein stenosis has an inci¬ 
dence of 1% after liver transplantation. 53 If found in the immediate 
postoperative period, serial CDUS imaging is helpful as the portal 
vein stenosis may resolve over time. 54 Signs of portal vein stenosis 
include post-stenotic dilatation and portal hypertension demon¬ 
strated by an increase in the size and the number of collateral 
vessels. On CDUS focal colour aliasing occurs in the presence of 
an increase in flow velocity at the site of stenosis relative to flow 
velocity in the pre-stenotic segment (Fig. 13.20). Assessment of the 
splenic length in many post-transplant patients shows a small 
reduction in spleen size; a significant increase suggests portal 
hypertension. A peak velocity of greater than 100 cm/s or a three- 
to fourfold step-up in velocity across the narrowed portal vein is 
suggestive of stenosis. 54 Transhepatic portal vein cannulation and 
measurement of venous pressures across the anastomosis may 



Figure 13.19 Hepatic artery pseudo-aneurysm. A: A cystic structure with surrounding soft tissue changes (arrows) close to the site 
of the surgical anastomoses in the transplant patient. B: There is colour filling of the central cystic aspect demonstrating the classical 
‘ying-yang’ sign of a pseudo-aneurysm caused by turbulent arterial flow. C: The pseudo-aneurysm (arrow) is identified on the selective 
angiographic study. D: The pseudo-aneurysm has been treated successfully with coil embolisation (arrow). 
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document portal vein stenosis in the absence of any thrombus. 55 
Percutaneous transhepatic dilatation of the portal vein stenosis may 
be successful. 56 However, if this technique fails, patients should 
be treated by portosystemic shunt or revision of the portal vein 
anastomosis. If adequate collateralisation occurs, with both portal 
vein stenosis and portal vein thrombosis, graft survival may be 
unaffected. 

Portal vein occlusion 

Portal vein occlusion following liver transplant is uncommon, 
occurring in less than 2% of patients, more often in children. 36,42,53 
Portal vein thrombosis is invariably related to technical difficulties: 
malalignment with a redundant length of portal vein, leading to 
kinking and stricturing. Other predisposing factors include previ¬ 
ous portal vein shunt surgery, previous portal vein thrombosis and 
sclerosis, vessel trauma from a portal cannula and underlying 


Figure 13.20 Portal vein stenosis. A focal area of narrowing and 
colour turbulence is observed in the portal vein (arrow). A peak 
velocity of 127 cm/s and a step-up in velocity across the narrowed 
portal vein is suggestive of a portal vein stenosis. 


prothrombotic state. Acute rejection with diminished portal venous 
flow has been proposed as a cause of portal vein thrombosis and 
may be an important factor in small children with full size liver 
grafts. 55 Portal vein thrombus may be demonstrated on ultrasound 
as internal echoes within the portal vein, expansion of the portal 
vein and loss of colour Doppler signal. Reduction in the hepatic 
artery RI accompanies portal vein thrombosis and may be a helpful 
secondary sign for the determination of portal vein thrombosis (Fig. 
13.21). A hepatic artery RI of 0.50 or less, together with an equivocal 
finding at portal venous CDUS, is reported to have a specificity of 
100% and a sensitivity of 44% for portal vein thrombosis. 57 Eventu¬ 
ally, an acute thrombus becomes anechoic; CDUS may show lack 
of portal venous flow and CEUS may be used to increase the con¬ 
fidence in diagnosis. 2,15 


Portal vein gas 

Intraportal venous gas is occasionally seen as echogenic shadowing 
within the portal vein, and is a more common finding than previ¬ 
ously recognised. While it may be secondary to necrotic bowel, or 
intra-abdominal sepsis, it can also be an incidental finding post liver 
transplantation without any long-term consequences. 58 


Hepatic veins 

Occlusion or stenosis of the IVC anastomosis is rare, occurring in 
less than 1% of recipients, usually due to technical surgical prob¬ 
lems or as a consequence of compression by a fluid collection. 59 
Suprahepatic stenosis presents with a clinical picture of acute or 
chronic Budd-Chiari syndrome with ascites, peripheral oedema, 
portal hypertension and biopsy evidence of hepatic venous conges¬ 
tion. Infrahepatic stenosis may cause only lower extremity swelling. 
A reduction in the calibre of the IVC or hepatic vein, with impaired 
flow and resultant pre-stenotic dilatation of the hepatic veins, is an 
indirect diagnostic finding of stenosis at CDUS. Direct signs of 
stenosis include a focal stricture on B-mode images and turbulent 
flow with increased velocity on spectral Doppler ultrasound (Fig. 
13.22). Thrombosis of the hepatic vein or IVC may be depicted as 
intraluminal echogenic thrombus with no flow on Doppler images. 
Distension of the hepatic veins and IVC may also be demonstrated. 
A persistent monophasic waveform is a sensitive finding of stenosis 
at spectral Doppler ultrasound, but it is not specific for a substantial 
hepatic vein stenosis. Any pathological process that changes liver 


Figure 13.21 Portal vein thrombosis. A: The portal vein (arrows) demonstrates no colour Doppler flow with an echo-poor thrombus- 
filled lumen. The colour Doppler signal is present in the patent hepatic artery. B: The spectral Doppler waveform in the transplant hepatic 
artery demonstrates high forward flow in diastole in the same patient as in part A. 















Early postoperative ultrasound 



Figure 13.22 Hepatic vein stenosis. A: There are areas of narrowing and increase in colour Doppler flow (arrows) in two hepatic veins 
post-liver transplantation with the ‘piggy-back’ technique. B: There is complete loss of the normal pulsatility in the hepatic vein as a 
consequence of the hepatic vein stenosis. 


compliance will alter hepatic vein pulsatility. 60 Perioperative ischae¬ 
mia, vascular catastrophe, rejection and cholangitis may all cause 
damping of the spectral Doppler trace. Although ultrasound can 
be diagnostic, inferior vena cavography and pressure studies are 
required for the definitive diagnosis. Hepatic vein thrombosis is 
rare, as the hepatic veins are not directly involved in a surgical 
anastomosis. Hepatic vein thrombosis may be seen in those recipi¬ 
ents who have had a transplant for Budd-Chiari syndrome, when 
the underlying abnormality recurs. 61 

A common variation of caval replacement is the 'piggy-back' 
technique. The three hepatic veins are joined together to form a single 
large orifice. The blind inferior end of the donor IVC often thrombo¬ 
ses and this thrombus may be seen in the blind end of the donor IVC 
on routine ultrasound. Some sources have found the piggy-back 
technique to be prone to the Budd-Chiari syndrome, or haemor¬ 
rhage, but this has not been the experience at our institution. 53 


Non-vascular complications 

Rejection 

Following hepatic transplantation, acute rejection is the most 
common serious complication affecting allograft survival, and 
occurs in more than 30% of patients. 62 Treatment, which is usually 
successful, involves manipulation of immunosuppressive drug 
therapy. Acute rejection is due to an inflammatory cellular infiltrate 
and does not significantly affect the peripheral hepatic vascula¬ 
ture. 63 In chronic rejection there is deposition of subintimal foam 
cells, myo-intimal foam cells, myo-intimal hyperplasia, and intimal 
sclerosis, resulting in progressive arterial narrowing and slow flow 
with subsequent thrombosis. 64 Non-anastomotic vascular stenosis, 
as well as diffuse intrahepatic arterial narrowing, is a feature in 
patients with chronic transplant rejection. 

Ultrasound presents a non-specific profile in acute rejection; there 
is no correlation between the RI and acute rejection 64 and no correla¬ 
tion between loss of hepatic artery diastolic flow and acute rejec¬ 
tion. 63 Changes in hepatic arterial and venous velocity profiles 
reflect alteration in hepatic vascular resistance, which is not specific 
to rejection; occurring with preservation injury, sepsis and non- 
thrombotic graft infarction. 60 An area of decreased reflectivity and 
attenuation has also been described in the periportal region with 
ultrasound and CECT, respectively, but this has a low sensitivity 
and specificity in the diagnosis of rejection. 65 There is no reliable 


non-invasive diagnostic examination modality to detect liver allo¬ 
graft rejection, with the main role of radiology to exclude other 
complications prior to a histological diagnosis with liver biopsy. 

Biliary system 

Biliary complications are an important cause of postoperative mor¬ 
bidity and mortality in liver transplantation. 37 The main complica¬ 
tions after liver transplantation are biliary obstruction and bile 
leakage. The reported incidence of complications has decreased 
from 50% with mortality as high as 30% in early series to a current 
complication rate of less than 20% and a mortality of less than 5%. 66 
The current surgical practice for biliary reconstruction is end-to-end 
anastomosis, where the recipient bile duct maybe utilised. However, 
if the recipient has an underlying biliary abnormality with an 
insufficient length of a common bile duct, such as in biliary 
atresia or sclerosing cholangitis, or when a cut-down graft is trans¬ 
planted, it will be necessary to construct a choledochojejunostomy. 

Strictures of the bile duct anastomosis are more common after 
duct-to-duct reconstruction, occurring in 5-14% of cases (Fig. 
13.23). 43,67 Non-anastomotic strictures carry a worse prognosis, rep¬ 
resenting a diffuse biliary injury occurring with HAT, prolonged 
cold ischaemia and ABO incompatible donors (Fig. 13.24). 68 It is 
important that CDUS confirms patency of the hepatic artery when 
non-anastomotic strictures are present. 

Bile duct dilatation is unusual in the early postoperative trans¬ 
plant period. 69 In non-transplant patients, ultrasound is the accepted 
method for detecting biliary duct dilatation. 70 However, the sensi¬ 
tivity is lower in liver transplant patients, with a sensitivity of 38- 
46%, and a specificity of 98%. 71 Dilatation of the intrahepatic ducts 
has a higher predictive value for diagnosis of biliary obstruction 
than common bile duct diameter. If bile duct dilatation is suspected 
clinically, ultrasound nonetheless remains the investigation of 
choice, providing evidence to support the need to proceed to 
further imaging. 

On ultrasound, in the early postoperative period it is practice to 
measure the common, left and right bile ducts to confirm non¬ 
dilatation and record the baseline measurement. This is particularly 
important in cut-down grafts in children, where intrahepatic bile 
duct dimensions are those of adult proportions and early measure¬ 
ment will avoid an erroneous call of bile duct dilatation. If the bile 
ducts increase in size along with biochemical changes or biliary 
dilation is persistent for more than 3 months after transplantation, 
a biliary system abnormality is invariably present. 
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Figure 13.23 Common bile duct anastomosis. A subhepatic 
fluid collection (long arrow) allows clear visualisation of the common 
bile duct, demonstrating a change in calibre at the site of the 
anastomosis (short arrows). 
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Figure 13.24 Non-anastomotic bile duct strictures. There are 
focal areas of bile duct dilatation (arrows) in the transplant liver of a 
patient with hepatic artery thrombosis, indicating areas of focal 
ischaemic strictures. 


Bile leaks are usually secondary to anastomotic complications. In 
a review of biliary complications in 1792 patients following liver 
transplant, 50% of bile leaks were due to anastomotic complications 
and the remaining leaks were due to HAT (17.2%), leaks at the 
T-tube site (31%), and leaks from aberrant ducts. 69 The majority of 
bile leaks occur early, within the first thirty days of liver transplan¬ 
tation or at the time of removal of the T-tube, if in position. Diag¬ 
nosis of a biliary leak is often difficult without cholangiography. 
Ultrasound can readily detect intra- and extrahepatic bilomas that 
occur as a result of post-transplantation bile leaks. However, their 
appearance may be indistinguishable from other collections of fluid 
in the upper abdomen such as ascites, seroma or haematoma (Fig. 
13.25). Subhepatic collections are common in the early post¬ 
transplant period. Ultrasound-guided fine-needle aspiration may 
confirm the nature of the fluid. Drainage of bile leaks may promote 
healing of the bile ducts and may save the liver graft. 72 



Figure 13.25 Subhepatic collections. Two subhepatic collections 
(arrows) are present; the nature cannot be ascertained from the 
ultrasound appearances and may be either haematomas or bile 
collections. 


Non-vascular complications of liver transplantation 

• There are no reliable ultrasound criteria for the diagnosis of 
rejection and liver biopsy is the definitive investigation, safely 
guided by ultrasound. 

• Non-anastomotic bile duct strictures carry a worse prognosis 
than anastomotic strictures, as these are representative of diffuse 
biliary injury. 

• There are no distinguishing ultrasound features of fluid collections 
in the upper abdomen and these may be bilomas, ascites, serum 
or haematomas. 

• Abscess formation occurs in 10% of liver transplant patients most 
often in the sub-phrenic or sub-hepatic spaces. 


Anastomotic strictures arise secondary to operative difficulties 
and respond to transhepatic balloon dilatation. 73 In a small group 
of patients with postoperative biliary system obstruction, extensive 
epithelial casts form within the biliary tree. These patients usually 
have a patent hepatic artery, suggesting that the lesions are unlikely 
to be vascular in origin. It is possible that this is a late manifestation 
of preservation injury affecting the harvested liver leading to epi¬ 
thelial sloughing within the biliary system. Most patients with this 
condition require re-transplantation. 

Fluid collections 

Abscess formation occurs in approximately 10% of liver transplants 
postoperatively, most of which occur in subphrenic or subhepatic 
spaces. 74 Ultrasound guidance will allow drainage of any fluid col¬ 
lection. Occasionally, fluid collections may be completely obscured 
by bowel gas on ultrasound, with CECT providing the conclusive 
imaging modality. Haematoma formation may be seen in the imme¬ 
diate postoperative period and is usually secondary to extensive 
intraoperative abdominal bleeding from varices. Haematomas may 
be present at any site, again most commonly in the subphrenic and 
subhepatic space. 37 In the first 3 weeks following liver transplant 
the majority of haematomas are composed of clotted blood and 
aspiration is neither necessary nor possible. The development of 
new collections in the late postoperative period raises the possibil¬ 
ity of bile leak as a consequence of HAT, or loculated ascites as a 
consequence of portal vein or IVC flow abnormalities. 37 

Post transplantation abdominal bleeding occurs in less than 10% 
of patients and may be due to HAP, breakdown of a vascular 





Role of ultrasound in long-term follow-up 



Figure 13.26 Pancreatic collection. A collection of fluid (long 
arrow) is present adjacent to the pancreas (short arrows) in a 
patient with pancreatitis following liver transplantation. 



Figure 13.27 Adrenal infarction and haemorrhage. A mixed 
reflective area (arrow) lies in the region of the right adrenal gland in 
this liver transplant patient with an adrenal infarction. 


anastomosis, infection or haemobilia. 75 Radiological investigation 
may only serve to delay treatment in the unstable patient where 
surgery is required. However, if the patient is stable, ultrasound- 
guided aspiration of fluid may help to confirm the presence of free 
intra-abdominal blood. 


less common. In particular HAT may be an incidental and unex¬ 
pected finding but still carrying the same poor prognosis in the long 
term in the adult patient. Non-vascular complications are more 
likely to occur, and disease recurrence should be a particular con¬ 
sideration that requires imaging awareness. 

Non-vascular complications 


Miscellaneous complications 

Infrequently seen complications include pancreatitis and adrenal 
haemorrhage, both of which may be identified by ultrasound. 
Enlargement of the pancreas may be seen in uncomplicated pan¬ 
creatitis and fluid collections may be detected (Fig. 13.26). Adrenal 
infarction, which may be haemorrhagic, occurs on the right side and 
is caused by inadvertent ligation of the adrenal vein at the time of 
transplantation. On ultrasound this may appear as a suprarenal 
mass of mixed reflectivity (Fig. 13.27). Pleural effusions, which are 
sympathetic in nature, are commonly seen on the right side. These 
can be drained under ultrasound guidance if causing respiratory 
compromise. 3 

Complications of split liver transplantation 

While no difference in the frequency of primary graft non-function 
or arterial thrombosis in split grafts as compared with full size 
grafts has been noted, the collective European experience suggests 
an 18.5% incidence of postoperative haemorrhage, 11% incidence 
of HAT, 4% incidence of portal vein thrombosis, and a 20% biliary 
complication rate. Biliary complications include anastomotic and 
cut surface leaks and anastomotic and non-anastomotic stricture 
formation. 34 


ROLE OF ULTRASOUND IN LONG-TERM 
FOLLOW-UP 


Ultrasound plays a vital role in the long-term follow-up of liver 
transplant patients with emphasis on the long-term complications 
of immunosuppression. All post-transplant patients should have an 
ultrasound examination prior to clinical follow-up with results 
available to the consulting physician. Vascular complications have 
the same presentation as in the early postoperative phase but are 


Post-transplant lymphoproliferative 
disease (PTLD) 

Post-transplant lymphoproliferative disease is a B-cell proliferation 
in lymph nodes and solid organs associated with the Epstein-Barr 
virus (EBV), typically developing within the first year after solid 
organ transplantation. 76 The reported incidence of PTLD increases 
with decreasing age of liver transplant patient and is associated 
with potent immunosuppression agents. 77 The incidence of PTLD 
ranges from 2% to 10% in adults 78 and 2.9% to 18.9% in children. 76 
Children are more at risk for the development of PTLD primarily 
because they are likely to be seronegative for EBV before trans¬ 
plantation and acquire primary infection post transplantation. 76,77 
PTLD has a broad clinical spectrum, ranging from an infectious 
mononucleosis-like syndrome to manifestations of frank lym¬ 
phoma. 79 Recognised characteristics of PTLD include a tendency 
toward extranodal involvement and a variable response to treat¬ 
ment. The aim of imaging is initial detection, and then staging and 
finally post-treatment follow-up of the disease. Once an abnormal¬ 
ity is demonstrated, imaging may be used to guide biopsy for his¬ 
tological confirmation. CECT is the imaging modality of choice for 
staging and assessing the bulk of disease and follow-up of treat¬ 
ment response. The abdomen is the commonest site of involvement 
with PTLD and up to 50% of patients present with isolated abdomi¬ 
nal disease. 80 Extranodal abdominal disease is three to four times 
more frequent than nodal disease; 88% of liver transplant recipients 
assessed with CECT in one series had extranodal abdominal PTLD. 81 

Three distinct patterns of hepatic PTLD may be seen at ultra¬ 
sound. The most common is focal areas of low reflectivity measur¬ 
ing 1-4 cm, followed by a diffuse parenchymal involvement with 
no discrete lesions resulting in hepatomegaly and progressing to 
liver failure (Fig. 13.28). 80 The third pattern involves the porta 
hepatis, which may result in biliary obstruction and is postulated 
to originate within the biliary tree (Fig. 13.29). 82 Rarely fulminant 
disease may present as a consequence of PTLD causing extensive 
graft necrosis. 83 
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Figure 13.28 Focal hepatic post-transplant lymphoproliferative disease. A: In this post-transplant patient several focal low 
attenuation lesions (arrows) are seen on the arterial phase of the CECT examination. B: On the post-contrast ultrasound a single subtle low 
reflective lesion (arrow) demonstrates washout in the late phase but still has some intralesional vascularity identified. 



Figure 13.29 Porta hepatis post-transplant 
lymphoproliferative disease. Low reflective focal lesions (arrows) 
surround the portal vein in this patient with porta hepatis post¬ 
transplant lymphoproliferative disease. 


Other extranodal manifestations of abdominal PTLD include 
involvement of the gastrointestinal tract (approximately 30%) with 
the small bowel most frequently involved, splenic involvement in 
28% of cases manifesting as focal low-reflectivity lesions, splenom¬ 
egaly or both, and renal involvement which occurs in less than 20% 
of patients (Fig. 13.30). 80 Unlike renal lymphoma that arises in the 
non-transplant patient, PTLD kidney involvement tends to be uni¬ 
lateral and unifocal. A solitary round low echogenic lesion without 
renal enlargement is the most common manifestation, while diffuse 
renal enlargement, which may extend beyond the capsule, occurs 
less commonly. Abdominal lymph node involvement, seen in 
about 20% of patients, appears as non-specific nodal enlargement. 
These involved nodes are typically 2-3 cm in diameter but may 
coalesce to form larger masses with central low attenuating areas 
from necrosis being an uncommon finding. Any combination of 



Figure 13.30 Splenic post-transplant lymphoproliferative 
disease. Two large low reflective (arrows) lesions with pockets 
of high reflectivity in a liver transplant patient with post-transplant 
lymphoproliferative disease. 


peritoneal, retroperitoneal and extraperitoneal lymph nodes may 
be enlarged. Omental and mesenteric involvement by PTLD is less 
common, seen in about 10% of patients with abdominal disease and 
manifesting as an 'extranodal mass'. These may be well circum¬ 
scribed or infiltrative, representing either primary tumour involve¬ 
ment or direct extension from an abdominal organ. 

Renal complications 

Renal insufficiency due to the nephrotoxic effects of the immuno¬ 
suppressive therapy is a common complication and has been 
reported in up to 25% of paediatric recipients. 84 Ultrasound may be 
used to exclude obstruction in patients with deteriorating renal 
function and give information regarding the size and reflectivity of 
the kidneys. 
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Figure 13.31 Post-transplant liver abscess. A: Multiple areas of mixed reflectivity (arrows) in a liver transplant patient. B: On the 
contrast-enhanced images these areas are seen to be avascular, with irregular borders and septations in keeping with multiple abscesses. 


Long-term complications of liver transplantation 

• Biopsy evidence of recurrence of hepatitis C is seen in 87% and 
hepatitis B in 90% of liver transplants. 

• Post-transplant lymphoproliferative disease is a B-cell proliferation 
in lymph nodes and solid organs associated with the Epstein- 
Barr virus developing after solid organ transplantation. 

• Children are more at risk of the development of post-transplant 
lymphoproliferative disease. 

• Three patterns of post-transplant lymphoproliferative disease are 
seen in the transplant liver on ultrasound: focal lesion, diffuse 
parenchymal abnormality, and involvement of the porta hepatis 
causing biliary obstruction. 


Graft versus host disease 

This is a common complication following bone marrow transplan¬ 
tation and is becoming increasingly recognised following solid 
organ transplantation. 85 This entity has serious consequences and 
may be fatal. Imaging has no role in the assessment of graft versus 
host disease other than to exclude structural abnormalities of 
the graft. 

Rejection 

Rejection is common in liver transplant recipients but imaging is 
neither sensitive nor specific for rejection. 86 Ultrasound is used to 
exclude structural abnormalities in the graft that may present in a 
clinical fashion similar to rejection. The diagnosis of rejection is 
made on histology following liver biopsy. 

Infection 

Infection is the most common complication of liver transplantation, 
with immunosuppressive therapy the major risk factor. 87 In the 
presence of a structural abnormality of the graft, such as HAT or a 
biliary stricture, infection may be localised to the graft. Hepatic 
abscess formation may be readily visualised with ultrasound and 
treated by ultrasound-guided drainage (Fig. 13.31). Abscesses may 
be visualised as areas of either increased or decreased reflectivity. 


A retrospective review of adult liver transplantation over a 9-year 
period demonstrated an incidence of hepatic abscess of 3.9%. 
Eighty-five per cent were bacterial in origin, 15% fungal and both 
were found to contribute to eventual graft failure. 88 

Budd-Chiari syndrome 

Liver transplantation in Budd-Chiari syndrome represents a viable 
treatment option with a favorable long-term survival. 89 However, 
depending on the initial cause of the Budd-Chiari thromboembolic 
phenomena, the syndrome may recur not only in the hepatic veins 
but also in the portal vein and hepatic artery. 90 This contributes 
significantly to the postoperative morbidity and mortality. Patients 
are placed on long-term full anticoagulation to prevent recurrent 
thrombosis. A CDUS examination of all hepatic vessels at follow-up 
is mandatory to exclude recurrent disease. 

Disease recurrence 

The initial indication for liver transplantation should be considered 
when surveillance ultrasound is performed in the post-transplant 
phase to allow for the possibility of disease recurrence. 

Viral infection 

Viral infection can recur in the transplant liver. Biopsy evidence of 
recurrence of hepatitis C is seen in 87% of transplants and tends to 
occur within 2 years of transplantation. 91 Early recurrence is associ¬ 
ated with a higher incidence of rejection and cirrhosis leading to 
eventual graft loss. The role of ultrasound is limited to the exclusion 
of other complications when the biochemical parameters become 
abnormal. Ultrasound is useful to monitor complications of recur¬ 
rent infection such as cirrhosis, and portal hypertension and for 
surveillance for the development of focal liver lesions. The recur¬ 
rence rate for hepatitis B is also high at 90%. 92 This reinfection leads 
to early graft loss, estimated at 41% at 14 months. Recurrent hepa¬ 
titis B virus (HBV) infection in a transplant patient is more aggres¬ 
sive than in the pre-transplant patient; furthermore, patients 
transplanted for chronic HBV may develop end-stage liver disease 
in a number of months. 93 This poor outcome of chronic HBV infec¬ 
tion was initially considered a contraindication to transplantation; 
however, now the aim of treatment in the post-transplant period is 
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to prevent reinfection with immunoprophylaxis and antiviral 
therapy. 

Hepatocellular carcinoma (HCC) 

The histological pattern and degree of differentiation of HCC give 
no indication as to the subsequent course of disease, as it is the 
preoperative staging of the tumour which indicates the recurrence 
rate. The lowest recurrence rates occur in small tumours of less than 
5 cm without evidence of disease spread. 94 Tumour recurrence rate 
of 7% is seen with tumours less than 5 cm and 62% when tumours 
are greater than 5 cm in size. 95 Furthermore, infiltration of regional 
lymph nodes or the presence of gross or microscopic vascular inva¬ 
sion by tumour at the time of transplantation significantly influ¬ 
ences the prognosis. 96 A combination of ultrasound, CECT and 
magnetic resonance imaging is accurate at detecting HCC recur¬ 
rences in the liver transplant. Imaging features for HCC in the 
post-transplant liver are similar to those in the pre-transplant liver. 
Overall, children who have received a liver transplant for primary 
hepatic malignancy have a better prognosis than adults. The quoted 
10-year survival rate is 21% in adults and 50% in children. 97 The 
recurrence of HCC in a non-cirrhotic liver transplant should be 
readily detected on ultrasound but there are no available published 
data to confirm this. 

Fibrolamellar HCC 

The recurrence rate for fibrolamellar hepatocellular carcinoma fol¬ 
lowing transplantation is unexpectedly high for a tumour that is 
slower growing and has a higher resectability rate than classic 
HCC. 98 This may in part be due to the late presentation of these 
tumours generally with a large bulk of tumour. The survival rate 
at 5 years following transplantation is 50%. 94 

Alcoholic liver disease 

Survival after transplantation for alcoholic liver disease is similar 
to that of other forms of chronic liver disease. 99 Abstinence prior to 
transplantation is required but relapse following surgery occurs 
and cirrhosis recurs. 

Cholangiocarcinoma and metastatic disease 

The rate of recurrence of cholangiocarcinoma is higher than HCC; 
the finding of lymphatic involvement is a contraindication to 
transplantation. Early lymphatic spread is the normal finding 
and in essence transplantation for cholangiocarcinoma is rarely 
performed. 100 In metastatic disease recurrence is so high that trans¬ 
plantation is contraindicated. 

Primary biliary cirrhosis (PBC) 

The most accurate method of determining the possibility of recur¬ 
rence is based on histology, as the presence of pruritus, antimito- 
chondral antibodies and an elevated IgM in the post-transplant 
patient are non-specific. The rate of recurrence increases with time, 
so that by 10 years recurrence may be seen in up to 30-50% of liver 
biopsy specimens. 101 In the medium term recurrence of PBC has 
little clinical impact and ultrasound has no role in the detection of 
recurrence but only to exclude structural abnormalities that may 
present in a similar fashion. 

Primary sclerosing cholangitis (PSC) 

Ultrasound has limited use in the assessment of PSC recurrence, 
since as with the pre-transplant condition the ultrasound may 
be entirely normal. 102 The presence of bile duct dilatation in the 
transplant graft invariably indicates a newly developed biliary 


abnormality for which recurrence of PSC must be considered. Most 
patients transplanted for PSC will have a choledochojejunostomy 
as a consequence of abnormal recipient extrahepatic ducts, 
which is prone to a higher incidence of cholangitis and biliary 
strictures leading to a cholangiopathy similar to PSC. This presents 
difficulty both on cholangiographic and histological methods in 
determining absolute PSC recurrence. Furthermore, patients trans¬ 
planted for PSC are known to have a higher incidence of biliary 
complications, again reflecting the use of a choledochojejunostomy 
reconstruction. 


PAEDIATRIC LIVER TRANSPLANTATION 

Introduction 


Paediatric liver transplantation is a well-established and effective 
treatment option for children with acute or chronic liver disease. In 
the United Kingdom approximately 100 children undergo liver 
transplantation annually either as an elective procedure (approxi¬ 
mately 85% 5-year survival rate) or as an emergency in the acute 
setting. Paediatric liver donors are rare and therefore various surgi¬ 
cal techniques have been developed to facilitate transplantation 
in this group of patients, leading to improved survival and quality 
of life. 

Clinical indications for paediatric 
liver transplantation 


Chronic liver disease 

Congenital extrahepatic biliary atresia (1:10000 live births), is the 
commonest cause of chronic liver disease in infants and young 
children. An early porto-enterostomy (modified Kasai procedure) 
before 8 weeks of age can alleviate the symptoms of jaundice but is 
rarely curative and cannot reverse the ongoing liver damage leading 
to progressive secondary biliary cirrhosis. 103 Patients with severe 
progressive liver failure secondary to a failed Kasai procedure or 
undiagnosed biliary atresia constitute an important group in whom 
liver transplantation offers survival. In these children ultrasound 
assessment is technically difficult as a result of several factors, 
including previous surgery, associated congenital anomalies, 
ascites, heterogeneous and highly reflective liver and a lack of 
patient cooperation. Patients with biliary atresia have an increased 
incidence of congenital anomalies, including situs inversus 
abdominis, situs ambiguus, malrotation of the gut, abnormalities of 
the hepatic artery, portal vein and IVC and polysplenia or asplenia. 
It is important that as many of these as possible are identified or 
excluded on the preoperative investigations, so that the surgeon can 
be warned of their existence. 104 In particular, the hepatic artery 
anatomy is frequently abnormal, with multiple arteries and/or an 
anomalous extrahepatic course. Rarely the portal vein may drain 
directly into the vena cava, or may lie in a pre-duodenal position. 
The IVC may be absent, left-sided, or subject to a number of other 
anomalies, the commonest of which is IVC interruption with azygos 
vein continuation. 

Hypoplasia of the intrahepatic bile ducts leads to severe cholesta¬ 
sis. This can be seen in Alagille's syndrome, post infection, associ¬ 
ated with trisomy 18 and 21 and with metabolic disorders such as 
cystic fibrosis (5% of children develop liver disease) and Zell¬ 
weger's syndrome. 105 Progressive familial intrahepatic cholestasis 
begins in infancy and progresses to cirrhosis within the first decade 
of life. 106 

Other causes of chronic liver disease in infancy and childhood 
include neonatal hepatitis syndrome, short gut associated liver 
disease, the glycogen storage diseases, tyrosinaemia, autoimmune 
hepatitis, sclerosing cholangitis, congenital hepatic fibrosis in 
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association with infantile polycystic kidney disease and Langerhans 
cell histiocytosis. 

Acute liver failure (ALF) 

Usually secondary to infection, ALF is defined by the presence of 
hepatic encephalopathy and coagulopathy within 8 weeks of the 
onset of liver disease. Over half of cases are due to non-A-E 
hepatitis. 107 Other causes include paracetamol overdose, mushroom 
poisoning, autoimmune liver failure and metabolic diseases such 
as neonatal haemochromatosis, tyrosinaemia and Wilson's disease. 

Metabolic liver disease 

Liver transplantation for metabolic diseases is divided into that 
performed for end-stage liver disease or premalignant change 
(including ai-antitrypsin deficiency, Wilson's disease, galactosae- 
mia, protoporphyria, glycogen storage diseases) and that 
performed for major extrahepatic features (including Crigler- 
Najjar syndrome, primary familial amyloidosis, homozygous 
hypercholesterolaemia). 

Portal hypertension (PHT) 

PHT follows obstruction of the paediatric intra- or extrahepatic 
portal venous system. This can be at a hepatic level secondary to 
liver cirrhosis, prehepatic due to thrombosis or rarely posthepatic 
following obstruction to venous outflow or IVC obstruction. 106 

Liver tumours 

Transplantation is offered to those children presenting with irre- 
sectable benign or isolated malignant tumours with no evidence of 
extrahepatic spread. These tumours include epithelioid haemangio- 
endothelioma, hepatoblastoma and fibrolamellar carcinoma. 

Surgical techniques for paediatric 
liver transplantation 


Historically paediatric patients needing liver transplantation had 
high morbidity and mortality rates due to incompatible size- 
matched cadaveric organs. Abetter understanding of liver anatomy 
revolutionised surgical techniques of liver transplantation in the 
paediatric population. In 1984, Bismuth first reported on the ortho¬ 
topic transplantation of a reduced sized graft from a deceased 
adult. 108 Five years later the first successful living donor liver trans¬ 
plantation in a child was performed using a left lateral segment 
(segments II and III) graft. 109 Various techniques have been devel¬ 
oped to provide suitable organs for paediatric recipients; these are 
reduced, split and living related liver transplantation. 108,110 These 
techniques have the potential to overcome discrepancies between 
donor and recipient weights of up to 10:1. Split liver transplantation 
results in the liver being shared between an adult (extended right 
lobe) and a child (left lateral segment). If a liver becomes available 
from a paediatric organ donor and is implanted into a similar sized 
recipient then the technical principles of the transplant operation 
are very similar to those of the adult operation. However, the major¬ 
ity of biliary anastomoses in children are hepatico-jejunostomies 
rather than duct-to-duct anastomoses because the recipient duct is 
usually either absent (in extrahepatic biliary atresia) or very small. 34 
Paediatric organ donors are much less common, with the inevitable 
consequence that children have to wait longer for a suitable liver to 
become available for transplantation. 

Auxiliary liver transplantation 

Auxiliary liver transplantation is performed on children with acute 
liver failure and to correct liver-based metabolic disorders. In this 


situation, instead of removing the whole of the diseased liver, only 
part of it is resected. A donor reduced or split lobe is used to replace 
the resected lobe. In acute liver failure, once the native right liver 
recovers and regenerates, withdrawal of immunosuppression will 
cause the atrophy of the transplanted segments. 111 

Reduced liver transplantation 

The term 'liver reduction' is used when a liver is cut down to the 
required size of recipient and the remaining segments are dis¬ 
carded. 112 The left lobe (segments I to IV) can be removed, leaving 
the right lobe (segments V to VIII) for transplantation, or the right 
lobe can be removed and the left lobe transplanted. In both these 
cases the IVC is retained with the transplanted lobe, so either caval 
replacement or 'piggy-back' techniques can be used. A liver can 
also be reduced to a left lateral segment (segments II and III) by 
removing the extended right lobe (segments I and IV to VIII); this 
allows an adult liver to be used for a small paediatric recipient. In 
this case, the IVC of the donor liver cannot be retained with the left 
lateral segment and the 'piggy-back' technique has to be used, 
joining the left hepatic vein of the donor liver to the confluence of 
the hepatic veins on the anterior wall of the IVC of the recipient. A 
left lateral segment reduction is rarely performed these days as the 
right lobe can be used for another recipient, resulting in what is 
described as a split liver transplant in which one organ is used for 
two recipients. Following transplantation, the principal difference 
between a reduced graft and a whole organ is that there is a rela¬ 
tively flat cut surface which has the potential to bleed or leak bile 
(Fig. 13.32). 

Split liver transplantation 

The technique of liver splitting is an extension of liver reduction 
and enables a donor liver to be used to transplant two recipients 
rather than just one. 113 The liver is usually split into an extended 
right lobe and the left lateral segment. Segment IV is sometimes 
excised from the right lobe and discarded. The IVC is retained with 
the right lobe. The main portal trunk and hepatic artery are assigned 
to one or other side of the split (not necessarily the same side). This 
inevitably results in anastomoses closer to the hilum than usual on 
the grafts with a short portal vein or hepatic artery. An exception 
to this arises if there is a replaced right or left hepatic artery, in 
which case both sides of the split liver graft can have a good length 
of artery (Fig. 13.33). 

Ultrasound evaluation of the paediatric 
transplant liver 


Ultrasound is the primary imaging modality in the follow-up of 
paediatric liver transplantation. Knowledge of the surgical tech¬ 
nique prior to performing the ultrasound is vital to ensure thorough 
visualisation of the graft, vessels and biliary system. Auxiliary 
transplants require examination of both the native and auxiliary 
liver, whilst left lateral segmental grafts are best examined from a 
transverse epigastric approach (Fig. 13.34). 

Normal hepatic parenchyma is homogeneous on greyscale 
imaging with a non-dilated bile duct system and often an increased 
periportal reflectivity secondary to liver parenchyma oedema. The 
hepatic artery and portal vein are best examined at the porta hepatis 
and the hepatic veins at the level of the venous confluence. The 
normal hepatic arterial waveform demonstrates a rapid systolic 
upstroke with a peak systole of >20 cm/s, with antegrade diastolic 
flow with an RI of between 0.5 and 0.8. A tardus parvus waveform 
is normal in the first 72 hours due to oedema at the level of the 
anastomosis, and low or absent diastolic flow may be seen particu¬ 
larly in the presence of an arterial conduit. The portal vein should 
demonstrate a continuous antegrade waveform although velocity 
variations are seen with respiration. The hepatic veins and IVC 
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Figure 13.32 Paediatric left lobe 
transplantation. (Modified from 
Sidhu PS and Baxter GM (eds), 
Ultrasound of Abdominal 
Transplantation. Thieme, Stuttgart, 
2006.) 
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Figure 13.33 Paediatric left 
lateral segment transplantation. 

(Modified from Sidhu PS and 
Baxter GM (eds), Ultrasound of 
Abdominal Transplantation. 

Thieme, Stuttgart, 2006.) 
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Figure 13.34 Normal ultrasound appearances in the paediatric patient post liver transplantation. A: The native liver (long arrow) 
is slightly more echogenic in comparison with the transplanted auxiliary liver graft (short arrow), which is not always as distinct on the 
ultrasound examination. B: The splenic artery (short arrow) is seen arising from the coeliac axis with the patent hepatic artery (long arrow) 
coursing towards the ‘split liver’ transplant in an 18-month-old child. The portal vein (small arrows) is patent. 



Figure 13.35 Paediatric hepatic artery thrombosis. A: The portal vein is patent on colour Doppler ultrasound (arrow) but no colour 
Doppler signal is present at the site of the hepatic artery (arrowhead) in this patient with a split liver graft. B: Following contrast-enhanced 
ultrasound, the occlusion of the hepatic artery is confirmed by absence of any enhancement in the hepatic artery, but with enhancement 
seen in the portal vein (arrow). 


show a bi- or triphasic waveform pattern due to transmitted cardiac 
pulsations. 114,115 Variable volumes of free fluid may be seen in the 
abdomen and pelvis and haematoma at the cut surface of a reduced 
sized graft is common. Spleen length is important in the assessment 
of portal vein flow and the development of portal hypertension. 

Ultrasound of complications of paediatric 
liver transplantation 


Post-surgical vascular and biliary complications are more common 
in children than in adults primarily due to discrepancies in the size 
of the donor and recipient vessels and use of vascular conduits. It 
is therefore important for the observer to have an understanding of 
the surgical techniques used which determine the vascular and 


biliary anatomy. Clinical manifestations of early complications are 
varied and there may be no alteration in the liver biochemistry. 
Post-surgical surveillance ultrasound is therefore important for the 
detection of 'silent' complications and ultimately graft salvage. 36,114,116 
Routinely at our institution uncomplicated paediatric liver trans¬ 
plant patients are imaged with ultrasound on day 1, day 5 and prior 
to discharge (usually after 10-14 days) with follow-up at 1 month, 
3 months, 6 months and then annually thereafter. 

Vascular complications 

Vascular complications usually occur early, the commonest being 
hepatic artery thrombosis, which can occur in up to 18% of paedi¬ 
atric patients 117 (Fig. 13.35). Ultrasound may demonstrate no arterial 
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spectral or colour Doppler signal although some intrahepatic 
Doppler signal may be detected due to collateralisation from the 
adjacent vascular choledochojejunostomy. These arterial collaterals 
may exhibit a normal or tardus parvus waveform with an RI of <0.5 
and can go undetected due to the speed at which they develop in 
the absence of any altered hepatic biochemistry. 47 The graft may 
later demonstrate changes secondary to infarction and bile duct 
ischaemia with biliary dilatation. 

Hepatic artery stenosis is reported to occur in up to 14% of chil¬ 
dren leading to rejection, biliary ischaemia and hepatic failure. 116 
This usually occurs at the anastomotic site. Spectral Doppler wave¬ 
form demonstrates an accelerated velocity (>200 cm/s) with turbu¬ 
lent colour Doppler in the portion of the vessel immediately distal 
to the stenosis. 36 

Portal vein thrombosis commonly occurs in the extrahepatic 
segment. There is a spectrum of change ranging from non-occlusive 
filling defects on greyscale imaging to absent flow with reverse flow 
in the intrahepatic portal vein branches (Fig. 13.36). 



Figure 13.36 Paediatric portal vein thrombosis. Non-occlusive 
thrombus is present in the portal vein (arrow) following a split liver 
transplantation. 


Portal vein stenosis is rare and usually occurs at the anastomosis 
site. This may be detected on routine follow-up with high-velocity 
turbulent flow in the dilated post-stenotic segment and a decrease 
in the vessel lumen of >50%. A post-stenotic jet with a velocity of 
>100 cm/s is usually pathognomonic 36,114 (Fig. 13.37). 

Inferior vena cava and hepatic vein complications are rare 
(<1%). These are often suspected clinically as patients present 
with hepatomegaly, ascites, oedema and pleural effusions and 
are usually related to surgical problems at the site of the 
anastomosis. 36 

Biliary complications 

These are more common than vascular complications, occurring in 
up to 30% of patients. Patients who have received a 'cut-down' liver 
may be at increased risk of biliary anastomotic complications, and 
the altered anatomy makes imaging of these livers difficult (Fig. 
13.38). This group of patients deserves particularly careful monitor¬ 
ing of the intrahepatic duct diameters because in paediatric patients 
receiving a left lobe graft from an adult donor, the diameter of the 
bile duct will be appropriate for an adult and may be unusually 
large for a child. It is therefore important to record the size of the 
bile duct in such cases during the early postoperative phase, and 
to monitor for any subsequent dilatation. Failure to do this may 
give rise to an erroneous diagnosis of biliary dilatation in this 
group of patients. 


Paediatric liver transplantation 

• Early post-transplant complications in children may not be 
clinically suspected; ultrasound surveillance is therefore 
paramount in detecting ‘silent’ complications. 

• Anastomotic bile duct leaks are the commonest complication 
following liver transplantation in children. 

• Hepatic artery thrombosis, the commonest vascular complication 
in children, usually leads to early collateralisation of the graft from 
the highly vascular choledochojejunostomy without graft loss. 

• Congenital extrahepatic biliary atresia is the commonest cause of 
chronic liver disease in infants and young children. 

• Non-A-E hepatitis accounts for >50% of causes of acute liver 
failure in the paediatric population. 



Figure 13.37 Paediatric portal vein stenosis. A: There is an echogenic area of narrowing (arrow) at the site of the portal vein stenosis 
in a split liver transplant. B: The spectral Doppler gate is placed at the site of maximum colour Doppler turbulence and the velocity is 
measured at 270.4 cm/s, in keeping with a pronounced portal vein stenosis. 
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Anastomotic bile leaks are the commonest complication but stric¬ 
tures following vascular problems, cut surface bile leaks and 
obstruction due to debris and stones also occur. Intraparenchymal 
bilomas, cholangitis and cystic duct remnant mucoceles are rarely 
reported. 118,119 Ultrasound typically demonstrates bile duct dilata¬ 
tion, perihepatic or cut surface collections in the case of bile 
leaks which are usually amenable to ultrasound-guided drainage 
(Fig. 13.39). Fluid in the choledochojejunostomy may masquerade 
as a pathological fluid collection, and care needs to be taken to 
identify this. 115 


transplantation. 120 Ultrasound is valuable in these patients to estab¬ 
lish the diagnosis by observing the diaphragm movement during 
spontaneous respiration. The condition is probably caused by 
damage to the phrenic nerve during clamping of the suprahepatic 
vena cava. 

Small bowel complications 

These typically involve the choledochojejunostomy and include 
'Roux' loop torsion, stasis, intussusception and infarction. 121 


Diaphragmatic function 

Diaphragmatic paralysis with consequent respiratory compromise 
has been identified in a minority of young children following liver 



Figure 13.38 Paediatric bile duct dilatation. Central bile duct 
dilatation (between cursors) in a child with a left lateral segment 
graft who developed a liver hilar anastomotic stricture following 
portal vein stenosis. 


General surgical complications 

These include bleeding and haematoma formation, right-sided 
pleural effusions and ascites, small bowel perforation and right 
diaphragmatic injury. Hepatic infarcts and a heterogeneous paren¬ 
chyma may be seen in the presence of rejection. 

Post-transplant lymphoproliferative disease 

This occurs in 3% of patients in the presence of the EBV and high 
levels of immunosuppression and is usually non-Hodgkin's in 
origin. 122 Typically it involves the abdominal nodes and small 
bowel, and ultrasound may detect lymphadenopathy at the porta 
and thickened small bowel. Chest manifestation includes nodules, 
adenopathy, effusions and consolidation, and periventricular white 
matter change can be seen on head CT. 

Recurrent disease in children 


Hepatoblastoma 

Hepatoblastoma is the commonest primary liver tumour in children 
under 5 years of age for which transplantation is a recognised treat¬ 
ment. Factors associated with a poor prognosis and disease recur¬ 
rence include previous resection, portal vein invasion by tumour, 
multifocal disease, other vascular invasion and the presence of 
extrahepatic disease. Unifocal disease, irrespective of tumour size, 
with fetal epithelium on histology is associated with a better 
outcome whilst the presence of anaplastic cell type has been associ¬ 
ated with a poor prognosis. 123 



Figure 13.39 Paediatric abdominal collections. A: Anechoic fluid collection (between cursors) adjacent to the cut surface of a left 
lateral segment graft. B: Complex septated collection (between cursors) in the upper abdomen representing bilomas or haematoma. 
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Hepatocellular carcinoma 

The common age range for HCC is between 5 and 15 years but is 20. 
less common than hepatoblastoma. Any pre-existing conditions 
that lead to cirrhosis will predispose to HCC development. This 
includes biliary atresia, Fanconi's syndrome and metabolic diseases 21 ‘ 
such as tyrosinaemia. HCC in children has a worse prognosis than 22 
hepatoblastoma as it often presents late with evidence of metastatic 
disease. Children with the worst survival were those transplanted 
for HCC with pre-existing underlying liver disease. Children with 23. 
tyrosinaemia are transplanted to prevent the development of HCC; 
the incidence of HCC increases with age in these patients. 124 
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hepatic duct, which passes inferiorly for approximately 3 cm before 
being joined by the cystic duct to form the common bile duct. 

The common bile duct continues caudally for approximately 
7 cm, lying anterior to the right margin of the portal vein and lateral 
to the hepatic artery (Figs 14.1 and 14.2). It runs parallel with both 
vessels for a short distance before passing behind the first part of 
the duodenum. Distally, the common duct lies in a deep groove on 
the posterior aspect of the head of the pancreas, often completely 
surrounded by pancreatic tissue. 

Within the posterolateral part of the pancreatic head, the distal 
end of the common bile duct passes laterally, accompanying the 
pancreatic duct into the second part of the duodenum. 

Gallbladder 


The gallbladder serves as a reservoir for bile secreted by the liver; 
thus its size varies according to digestive requirements throughout 
the day. 

The gallbladder lies in a fossa on the undersurface of the right 
lobe of the liver. It has a thin smooth wall, up to 2 mm in thickness 
(Fig. 14.3), 1 composed of an outer serosal layer, a middle fibromus- 
cular layer and inner mucosa. The bulbous distal portion of the 
gallbladder, the fundus, is generally in the most caudal and anterior 
position, often projecting below the inferior margin of the liver. The 
fundus tapers into the body and finally into the neck, which curves 
posterocaudally before becoming continuous with the cystic duct 
(Fig. 14.4). 

The wall of the gallbladder is at its thickest in the region of the 
neck- normally up to 2 mm (Fig. 14.5). A small pouch may be seen 
projecting caudally and posteriorly - Hartmann's pouch, which 
often becomes more marked in cases of gallbladder dilatation. 

Cystic duct 


The cystic duct, 3 to 4 cm in length, is lined by mucosal folds which 
project into the lumen in a spiral arrangement - hence the term 
'spiral valve'. It is not in fact a true valve, and bile can flow in both 
directions through the duct determined by differences in pressure 
between the gallbladder and common bile duct. Its importance 
to the sonographer is that there may be an acoustic shadow 
beyond the valve, falsely suggesting a stone in the cystic duct 
(Fig. 14.6). 2 


NORMAL ANATOMICAL VARIANTS 


NORMAL ANATOMY OF 
THE BILIARY TREE 


The intrahepatic bile ducts run in the portal tracts alongside the 
portal vein radicles and hepatic artery branches. At the porta 
hepatis, the right and left hepatic ducts join to form the common 


Ducts 


Normal variations in the anatomy of the ducts are common. The 
point at which the cystic duct joins the common hepatic duct is 
particularly variable; usually the ducts unite just beyond the porta 
hepatis, but the cystic duct may join the right hepatic duct or the 
join may be much lower - occasionally within the head of the 
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Figure 14.1 Right hepatic duct. The normal calibre right hepatic 
duct (arrows) is seen anterior to the right branch of the portal vein. 


pancreas itself. The cystic duct may pass medially either posteriorly 
or anteriorly to the common hepatic duct, then curving laterally to 
join its medial border. 

On ultrasound scans it is not usually possible to recognise the 
exact point of union of the cystic and common hepatic ducts, and 
it has therefore become accepted convention to refer to the extrahe- 
patic bile duct as The common duct'. 3 

Gallbladder 


The shape, size and position of the gallbladder are highly variable. 
In some cases the gallbladder fossa lies deep within the liver so the 
gallbladder appears to be surrounded by hepatic tissue - the so- 
called 'intrahepatic gallbladder'. At the other end of the spectrum, 
the gallbladder may be attached to the porta only at the neck, 
forming a very mobile structure which may be found in the right 
iliac fossa or even in the pelvic region, depending upon patient 
position. 

In some subjects the fundus of the gallbladder is folded over - the 
'Phrygian cap' - which can make examination of the lumen diffi¬ 
cult. 4 Turning the patient onto his/her left side, or even partially 
prone, can unfold the gallbladder, making it more accessible to full 
ultrasound interrogation (Figs 14.7 and 14.8). Not infrequently the 
neck of the gallbladder may be elongated, and turned back on itself. 
This may be mistaken for a duct or vessel, or may even be missed 
altogether. The sonographer must be aware of this anatomical 
shape in order to reliably exclude gallstones (Fig. 14.8C). 

Folding of the gallbladder is a common variation which may 
mimic septation. True septa are uncommon, and can be distin¬ 
guished from folding of the gallbladder by scanning in both longi¬ 
tudinal and transverse planes with the patient supine and in the left 
decubitus position. Septae can lead to errors in diagnosis when the 
sonographer reports one portion of the gallbladder as free of stones 
and misses a stone in the distal portion (Fig. 14.9). 5 Although not 
usually considered clinically significant, there is some evidence that 
gallbladder septae or folds may delay gallbladder emptying, par¬ 
ticularly from the distal segment, and that this may be associated 
with abdominal pain. 6 

The gallbladder may be totally absent, or there may be double 
or even triple gallbladders with either a single cystic duct or 
with multiple separate cystic ducts - these anomalies are extremely 
rare. 7 


Hepatic artery 


Usually, the hepatic artery arises from the coeliac axis and runs for 
a short distance to the right before turning superiorly. At this point 
the artery lies anterior to the portal vein with the common duct to the 
right. Just proximal to the porta hepatis the artery branches, and 
the right hepatic artery crosses to the right, posterior to the common 
hepatic duct before entering the substance of the liver (Fig. 14.10). 

In about 15% of subjects, the right hepatic artery passes anteriorly 
to the common hepatic duct, and in a smaller proportion (approxi¬ 
mately 5%), the right hepatic artery originates from the superior 
mesenteric artery - the replaced right hepatic artery - and passes 
posteriorly to the superior mesenteric vein before turning anteriorly 
to the portal vein. 8 Colour Doppler ultrasound may be useful in 
sorting out the anatomy in these cases, 9 although it is usually pos¬ 
sible to identify the vessels by tracing them back to their point of 
origin (Fig. 14.11). 


TECHNIQUE AND ULTRASOUND 
APPEARANCE 


The biliary system should be examined after the patient has fasted 
- not only does this distend the gallbladder with bile to allow 
investigation of its lumen, but it helps to reduce the contents of the 
stomach and duodenum, which may obscure the common duct and 
pancreas. 

In some patients, the posterior wall of the gallbladder is closely 
adjacent to the duodenum and distal acoustic shadowing from the 
latter may simulate gallbladder pathology (Fig. 14.12). In such 
cases, giving the patient a drink of water usually helps to outline 
the duodenum and display the gallbladder wall more clearly. 

The normal gallbladder in the non-fasted state is contracted and 
thick walled (Fig. 14.13). This may be indistinguishable from patho¬ 
logical contraction and care should always be taken to ensure that 
the patient has adhered to the correct preparation if the gallbladder 
is small or not visualised on ultrasound. 10 

The equipment of choice for examination of the gallbladder and 
biliary tree is a curved array transducer, which allows good acoustic 
access both subcostally and intercostally, with an adequate near 
field to accommodate superficial gallbladders. A frequency of 
5-6 MHz, with a focal zone set at the appropriate depth, generally 
provides sufficiently good resolution to detect even small stones 
within the gallbladder. The penetration at this frequency may, 
however, not be adequate in large or obese patients, in whom a 
lower frequency (3-4 MHz) may be necessary. With the lower fre¬ 
quency the width of the beam is greater and small stones may not 
be demonstrated due to lack of acoustic shadowing. 11 Similarly, if 
the stone is outside the focal zone of the transducer, in the near or 
far fields, acoustic shadowing from a stone may be lost because the 
beam is wider (see Figs 14.23 and 14.24). 12 

A comprehensive examination of the biliary system naturally 
includes the demonstration of both liver and pancreas. The normal 
intrahepatic bile ducts are rarely visualised during routine scans 
but it is not uncommon to display the main right and left hepatic 
ducts as thin tubular structures running parallel to the main 
branches of the portal vein (Fig. 14.1). 13 

An initial survey of the gallbladder with the patient supine, along 
with the liver and pancreas, is usual. In the majority of patients, the 
gallbladder is best imaged with the patient decubitus, as the gall¬ 
bladder flops medially, allowing the sonographer access through 
the acoustic window of the liver, and unfolding the gallbladder. In 
addition, the improved access allows the sonographer to position 
the transducer perpendicular to the long axis of the gallbladder, 
allowing a more thorough and confident interrogation. It is helpful 
to align the transducer along the long axis of the gallbladder, to 
include neck and fundus, then angling laterally and medially so 
that the entire volume of the gallbladder is examined. A subcostal 
approach may often be possible using suspended deep inspiration 
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Figure 14.2 Normal common duct. A: Longitudinal scan 
showing duct (arrow) anterior to portal vein and passing posterior 
to gas-filled duodenum (d). B: Longitudinal scan showing duct 
passing posterior to the duodenum. C: Transverse scan showing 
common bile duct (CBD) within head of pancreas (GDA = 
gastroduodenal artery). D: Scan showing duct (arrow) about to 
enter duodenal papilla. E: Longitudinal scan showing the cystic 
duct joining the common duct just proximal to the first part of the 
duodenum. 
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Figure 14.3 Gallbladder. Normal, thin gallbladder wall. 

Figure 14.4 Neck of gallbladder. Body of gallbladder tapers 
down to neck (arrow). 



Q 


Figure 14.5 Neck of gallbladder. Transverse scans through 
gallbladder showing how the wall becomes thicker in the neck. 
A: Fundus. B: Body. C: Neck. 










Technique and ultrasound appearance 




Figure 14.6 Shadow from neck of gallbladder. A: Acoustic shadow from normal neck of gallbladder. B: Because the gallbladder neck 
is parallel (rather than perpendicular) to the beam, sound is attenuated more by the neck wall, causing a shadow. 
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Figure 14.8 Folded gallbladder. A: Patient supine. B: Patient 
right side raised, demonstrating the unfolded gallbladder. C: The 
left-hand image fails to demonstrate the GB neck when the patient 
is supine - the right-hand image shows the full extent of the GB 
neck, which is folded back, when the patient is turned. 



Figure 14.9 Septated gallbladder. Longitudinal scan. 


Figure 14.10 Normal hepatic artery (arrow) crossing between 
common duct (callipers) and portal vein. 











Technique and ultrasound appearance 



Anomalous hepatic artery crossing anterior to 

common 

Figure 14.12 Bowel indenting posterior wall of gallbladder 

with intraluminal gas casting an acoustic shadow. 



Figure 14.13 Normal contracted gallbladder. Normal wall thickness of physiologically contracted (postprandial) gallbladder 
A: Longitudinal scan. B: Transverse scan. 


to bring the liver down to provide an acoustic window. However, 
an intercostal approach is the most successful technique in the 
majority of patients, allowing the gallbladder to be imaged through 
the right lobe of the liver in quiet respiration, with the minimum of 
artefact due to scattering and reverberation from adjacent bowel. 

The normal gallbladder has an echo-free lumen and is sur¬ 
rounded by a smooth, moderately reflective wall. Since there is little 
attenuation of the ultrasound beam, the time gain compensation 
used appropriately for the adjacent liver will result in acoustic 


enhancement behind the gallbladder. However, this may not be 
apparent if gas-filled bowel lies immediately posteriorly (Fig. 
14.14). In transverse scans, the gallbladder appears circular, increas¬ 
ing in diameter towards the fundus. If possible, the transducer 
should be maintained at right angles to the long axis, as an oblique 
section may give a spurious impression of gallbladder wall thicken¬ 
ing (Fig. 14.15). 14 

The gallbladder must be examined with the patient in at least two 
different positions if small mobile stones or non-mobile polyps are 
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Figure 14.14 Shadowing - stone versus gas. Posterior to the 
gallbladder neck there is ‘clean’ shadowing beyond a row of stones 
(arrowhead). The bowel loop located behind the body and fundus 
of the gallbladder (arrow) transmits a more reverberative ‘dirty’ 
shadow. Posterior enhancement behind the fluid-filled gallbladder 
may not be apparent if bowel gas lies against the gallbladder. 



Figure 14.16 Normal common duct anterior to portal vein. Note 
how the duct widens as it travels in the free edge of the lesser 
omentum. 



Figure 14.15 Spurious gallbladder wall thickening due to 

angulation of the beam, which is not perpendicular to the GB wall, 
and artefact due to lateral resolution. 


to be correctly diagnosed. Following initial scans in the supine posi¬ 
tion, the patient is turned into the left decubitus position, and other 
positions may sometimes be necessary, for example erect scans with 
the patient either sitting or standing. 

The common bile duct (CBD) is usually most successfully seen in 
the left decubitus position, as this displaces the liver slightly medi¬ 
ally and creates an acoustic window avoiding the hepatic flexure 
(Fig. 14.16). The duct can then be traced distally, running from the 
porta hepatis to the head of the pancreas as an immediate anterior 


relation of the portal vein. 15 The lower end of the duct is best 
demonstrated on transverse scans through the head of the pancreas 
(Fig. 14.17). 

A water load may be helpful in allowing visualisation of the 
lower end of the common duct by displacing gas from the gastric 
antrum and duodenum in the left anterior oblique position, and it 
may also act as an acoustic window. 

Measurement of the common duct 


The ability of ultrasound to discriminate between a normal and a 
dilated common duct is vital in the management of the jaundiced 
patient. This facility for the distinction between obstructive ('surgi¬ 
cal') and non-obstructive ('medical') causes of jaundice depends on 
knowing the upper limit of normal for the duct diameter. A clear 
value dividing normal from abnormal is not attainable, and in a 
normal population the values for the diameter of the common duct 
will be distributed around a mean, 3 with some overlap as some 
normals will fall outside the normal range, and conversely, some 
abnormals will fall within it. 

In the case of the ultrasound-derived measurement of common 
duct diameter, there are particular factors to be considered: 

1. Level of the measurement - the duct is most consistently 
demonstrated in its proximal portion via the right anterior 
oblique longitudinal view and measurements are most often 
made just caudal to the porta hepatis. 15,16 Nevertheless this 
may not represent the point of widest diameter of the duct, as 
the duct usually widens slightly as it passes caudally in the 
free edge of the lesser omentum and after it receives the cystic 
duct (Fig. 14.16). 

2. The walls of the duct are highly reflective, and 'blooming' of 
the echoes from the walls may reduce the apparent duct 
lumen. 13,17 The gain controls should be optimally adjusted to 
minimise this artefact (Fig. 14.18B). 

3. The cross-sectional shape of the duct is oval rather than 
circular, and thus measurements may differ according to 
which diameter is demonstrated on a particular scan plane. 
Measuring the duct in transverse plane, as on the right-hand 
image in Figure 14.19, is inadvisable, as the section is 
frequently oblique and will overestimate the true 
diameter. 15 


234 







Technique and ultrasound appearance 



Figure 14.17 Normal common duct in head of pancreas on transverse scans. A: Duct seen within pancreatic head in transverse 
scan. B: Duct (callipers) entering the duodenal papilla. 



Figure 14.18 Measurement of the common duct. A: Callipers across the walls of a normal calibre common duct. B: Left-hand image 
demonstrates over-amplification (too much gain) causing blooming of the echoes in the walls of the duct. This could give rise to inaccurate 
measurements. The right-hand image illustrates an accurate duct measurement with the correct gain settings. 


4. In the elderly there is a generalised loss of elasticity of the 
tissues and the normal duct diameter increases with 
advancing age. 18 

5. The diameter of the duct is often increased in patients who 
have had a cholecystectomy Ducts that were normal 
preoperatively tend to remain normal postoperatively, while 
ducts that were acutely obstructed usually decrease in size 
postoperatively following stone removal or drainage 
procedure. However, ducts that were chronically dilated 

or in which there has been chronic infection often remain 


permanently dilated after surgery or non-operative drainage, 
or may even increase slightly in diameter. 18-21 Inflammation 
presumably reduces the elasticity of the duct wall so that it 
becomes incapable of recoiling back down, and the resultant 
floppy duct will distend with minimal pressure or volume 
increases as the duct assumes some of the original gallbladder 
reservoir function. 22,23 

Bearing all the above in mind, a useful working rule is that the 
diameter of the normal common duct as measured on ultrasound 








CHAPTER 14 • Gallbladder and biliary tree 



Figure 14.19 Oval shape of common duct. A normal duct 
(callipers B, left-hand image) can be falsely overestimated if 
measured in the head of pancreas (callipers A, right-hand image) 
due to an oblique section through the duct in the head of pancreas. 


scans is less than 5 mm in its upper portion, although this figure 
can be increased to 6 mm for a measurement at its lower end, 8 mm 
in the elderly, and 1 cm in patients who have had a cholecystectomy 
Using the Tess than 5 mm' limit, the sensitivity of ultrasound for 
the diagnosis of extrahepatic obstruction has been shown to be 99% 
with a specificity of 87%, 24 while moving the limit to 5 mm would 
have decreased the sensitivity to 94% without significantly altering 
the specificity 


Function studies 


While ultrasound scanning displays excellent structural detail of 
the gallbladder, the images give little functional information. 
Impaired gallbladder emptying is associated with stone formation, 
although in patients who have stones, efficient gallbladder motility 
is more likely to result in symptoms, while those with sluggish 
motility are less likely to suffer from biliary pain and obstruction. 25 
Ultrasound has been used in combination with various pharmaco¬ 
logical agents, such as cholecystokinin, to investigate the dynamics 
of gallbladder filling and emptying in health and disease. 26,27 Poten¬ 
tial uses for this include investigation of patients at risk of gallblad¬ 
der stasis (and thus, stones) and in patients who may benefit from 
dissolution therapy. 

Gallbladder emptying dynamics have been studied in smokers, 28 
in pregnancy, 29 in patients with coeliac disease 30 and spinal cord 
injuries, 31 and in response to various drugs. 

Functional ultrasound to determine gallbladder motility remains 
essentially a research tool, as accurate measurement of the gallblad¬ 
der volume is fraught with errors. Three-dimensional ultrasound 
may offer potential in this regard. 32,33 

The response of the diameter of the common duct to a fatty meal 
has also provided considerable material for study. The fatty meal 
causes release of cholecystokinin from the duodenal mucosa and this 
promotes gallbladder contraction, relaxation of the sphincter of 
Oddi and an increase in the flow of bile from the liver. In a normal 
subj ect the bile duct diameter will either reduce or remain unchanged, 
but if there is partial or complete obstruction, the diameter will 
usually increase, though occasionally it remains unchanged. 34-37 



Figure 14.20 Endoscopic US showing the normal common duct 
(callipers) entering the papilla. 


this vicinity, 38 which are difficult to evaluate using conventional 
transabdominal ultrasound. A high-frequency ultrasound trans¬ 
ducer is incorporated into a fully functional fibreoptic endoscope 
with both light and optical bundles and air/water channels together 
with controllable tip movement. 

Endosonography has been shown to be significantly more sensi¬ 
tive, accurate and effective than either CT or transabdominal ultra¬ 
sound in the evaluation of local spread of neoplastic obstructions. 
Magnetic resonance cholangiopancreatography (MRCP) is the 
imaging of choice for diagnosing and staging cholangiocarcinomas, 
but EUS can provide increased specificity in some cases, as well as 
allowing cytology to be obtained for a definitive diagnosis. 39 EUS 
outperforms both MRCP 40 and endoscopic retrograde cholangio¬ 
pancreatography (ERCP) 41 in the diagnosis of ductal calculi. It also 
has a much lower complication rate than ERCP, although its inva¬ 
sive nature means that its role is often secondary to MRCP in cases 
of a negative MRCP with continued clinical probability. 


LAPAROSCOPIC ULTRASOUND 


The majority of elective cholecystectomy operations are now per¬ 
formed laparoscopically. The trend towards increasing laparo¬ 
scopic surgery for a range of surgical techniques has influenced 
the development of adjunctive laparoscopic ultrasound. Like 
endosonography, this is a difficult technique to master and requires 
a specialised, flexible, high-frequency laparoscopic probe to evalu¬ 
ate the biliary anatomy, and in particular to examine the common 
duct for stones. Once learned, laparoscopic ultrasound has been 
shown to be highly sensitive and specific in evaluating the biliary 
tree, 42 and has the advantage of avoiding unnecessary radiation 
dose. It has now largely replaced fluoroscopy for routine cases in 
many centres. 


PATHOLOGY OF THE GALLBLADDER 


ENDOSCOPIC ULTRASOUND 


Endoscopic ultrasound (EUS) enables a high-frequency transducer 
to be placed in close proximity to the lower end of the bile duct 
(Fig 14.20) and thus gives more detailed visualisation of lesions in 


Ultrasound has been firmly established for many years as the 
primary imaging investigation in all cases of suspected gallbladder 
disease. 43 

In patients who present with acute right upper quadrant pain, 
ultrasound has the ability not only to demonstrate lesions of the 
gallbladder, but to show other causes for the patient's pain. 
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Pathology of the gallbladder 


Stones 


The prevalence of gallstones in developed societies is approxi¬ 
mately 10%, and as many as two-thirds of gallstone carriers are 
asymptomatic. 44,45 But, since the probability of developing biliary 
symptoms for subjects with silent stones has been shown to be only 
15-25% in 10 years, 46 the increasing use of ultrasound in patients 
with symptoms that suggest the presence of gallstones will unmask 
many previously undiagnosed stones and thus create both ethical 
and economic dilemmas for physicians and health care planners 47 
Only around 30% of patients with asymptomatic gallstones eventu¬ 
ally require surgery 

The standard management for symptomatic gallstones is laparo¬ 
scopic cholecystectomy, with open surgery being reserved for more 
complex cases. Previous experience with medical (dissolution) 
therapies has been disappointing, as despite its excellent safety 
record there is a high incidence of stone recurrence (up to 60%) and 
slow response to treatment. 48 

Cholescintigraphy, using a 99m Tc-labelled derivative of imino¬ 
diacetic acid, is useful as a second-line test for confirmation of cystic 
duct obstruction, either when ultrasound has failed to show stones, 
or when the origin of the symptoms remains in doubt in the pres¬ 
ence of stones. 

The composition, size, shape and number of stones vary widely 
from patient to patient, presenting a wide range of ultrasound 
appearances. 

Classic appearances 

The most commonly encountered ultrasound appearance of a stone 
in the gallbladder is that of a highly reflective intraluminal structure 
which is gravity-dependent and casts an acoustic shadow (Fig. 
14.21). When all these features are present, the diagnostic accuracy 
is 100%. 49 It is useful to analyse each of these ultrasound features 
more closely so that the limitations of the method are appreciated, 
thus enabling scan technique and machine settings to be adjusted 
appropriately. 

The size of a structure that can produce an echo from within the 
gallbladder lumen is not a limitation since it has been shown that 
particles as small as 5 to 10 pm will produce echoes within bile. 50 
Such tiny particles are not considered to be 'stones', and do not fulfil 
the diagnostic criteria given above since they do not produce acous¬ 
tic shadows. 

The production of an acoustic shadow beyond a reflecting struc¬ 
ture depends upon both the absorption and reflection of sound by 
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Figure 14.21 Gallstones. Left image: the patient is supine, with 
shadowing from stones at the gallbladder neck. Right image: with 
the patient erect, the stones drop with gravity to the gallbladder 
fundus. Note the reverberative shadowing from bowel distal to the 
body of the gallbladder, as distinct from the stronger shadows from 
the stones. 


the structure, and the resulting shadow should be sharp and 'clean' 
(Fig. 14.22). This is in contradistinction to the shadowing beyond 
bowel gas, which is caused purely by reflection of sound and is 
therefore usually less well defined and 'dirty' due to reverberation 
artefacts 51 - a useful practical point in sorting out whether shadows 
are due to gallstones or to bowel gas. Shadowing beyond a stone is 
not affected by the chemical composition of the stone, the presence 
of calcium within the stone, or the shape and surface characteristics 
of the stone, 52 but is dependent on the geometric relationship 
between the ultrasound beam and the stone. 53 The beam width 
needs to be as small as possible since shadowing will not occur 
unless the stone occupies the full width of the beam (Fig. 14.23). 
Beam width is reduced by focusing and by using transducers of 
higher frequency. 

A further practical consideration concerning the demonstration 
of stones in the gallbladder relates to signal processing methods. 54 



Figure 14.22 Gallstone shadowing. Transverse scan of 
gallbladder; ‘clean’ shadowing from two small stones, which is free 
from reverberation. Compare with the reverberation from the bowel 
behind the gallbladder to the left of the stones. 
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Figure 14.23 Beam width and shadowing. Diagram to show 
the effect of beam width and incidence on the production of an 
acoustic shadow beyond a stone, (i) Stone B is in the focal zone of 
the beam and will give rise to an acoustic shadow, while stones A 
and C in the near and far fields of the beam are less likely to 
shadow (after Jaffe and Taylor 54 ), (ii) and (iii) Diagrams to show the 
effect of positioning of a stone in relation to the beam; a linear array 
is viewed end-on on the left and in the scanning plane on the right. 
Stone D (ii) at the periphery of the beam will not occupy a sufficient 
proportion of the beam width to cast a shadow, while the same 
size stone E (iii) at the centre of the beam will shadow. (Redrawn 
with permission from Filly et al. 53 .) 
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Figure 14.24 Tiny stones with acoustic shadowing. A: Longitudinal scan demonstrating the shadow from a row of tiny stones (arrow). 
B: The same case with the focal zone set anterior to the stones; note how the shadowing is no longer apparent as the beam is wider at 
this level. 


GB 


Figure 14.25 Contracted gallbladder full of stones, longitudinal 
scan demonstrating distal acoustic shadowing. 


TV display monitors have limited dynamic range and this neces¬ 
sitates the use of compression amplification. When this is combined 
with the use of time gain compensation curves, the distinction 
between acoustic shadow and surrounding tissues may be imper¬ 
ceptible. 55 This may be the most important limiting factor in real-life 
scanning, but good quality modern equipment is capable of dem¬ 
onstrating tiny, sub-millimetre stones in the gallbladder, although 
it is imperative that optimal settings, such as correctly placed focal 
zone, are used (Fig. 14.24). 

Contracted gallbladder 

In the description of the 'classic' appearances of stones in the gall¬ 
bladder, it will be appreciated that the gallbladder lumen contains 
fluid bile within which the echoes reflected by the stone or stones 



Figure 14.26 Double-arc shadow sign. The gallbladder fossa 
in transverse section demonstrates echoes from the anterior 
gallbladder wall (arrow), behind which is a strong band of reflective 
echoes from the stones within the gallbladder, casting a distal 
acoustic shadow. Detection of an echo-poor anterior rim improves 
diagnostic specificity. 


can be detected. In situations where the lumen is totally filled by 
stones, or where the gallbladder wall has been chronically inflamed 
and become fibrotic, or where the cystic duct has been obstructed, 
there may be no fluid bile within the lumen. 

These 'contracted' or 'sclero-atrophic' gallbladders are reliably 
recognised with modern equipment. In cases when the gallbladder 
lumen cannot be visualised, distal acoustic shadowing may often 
be seen to emanate from the gallbladder fossa, representing the 
stone-filled lumen. 49 The ability to locate the gallbladder fossa in 
different scan planes is crucial (Fig. 14.25). 56 
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Refinement of scanning technique can further improve the accu¬ 
racy rates (to almost 99%), using movement of the patient during 
the study 57 to observe differences in movement between bowel gas 
in the duodenum or hepatic flexure and a contracted gallbladder 
full of stones. Diagnostic specificity is also aided by the observation 
of the wall-echo-shadow (WES) triad, 58 otherwise known as the 
'double-arc-shadow sign'. 59 This complex consists of the reflective 
anterior wall of the gallbladder separated by a thin echo-poor rim 
(representing either a small amount of residual bile or an echo-poor 
portion of the thickened gallbladder wall) from the reflective ante¬ 
rior surface of the stone, which casts a complete acoustic shadow 
(Fig. 14.26). 

Persistent acoustic shadowing emanating from the gallbladder 
fossa may also be produced by a porcelain gallbladder, which is the 
term given to calcification of the gallbladder wall. 60 Wall calcifica¬ 
tion may be the end-result of chronic infection and inflammatory 


reaction. This condition is associated with gallstones in over 95% of 
cases, but its particular importance lies in the increased incidence of 
both gallbladder carcinoma and cholangiocarcinoma (in 10% to 20% 
of cases), and prophylactic cholecystectomy is usually advised (see 
section on gallbladder carcinoma). 

Movement/layering/floating of stones 

Gravity dependence of stones can be demonstrated by moving the 
patient during the ultrasound examination. Usually this is achieved 
by turning the patient into the left decubitus or right anterior 
oblique positions, but erect scans with the patient sitting or stand¬ 
ing may also be performed. In this way, previously hidden stones 
lying in the neck of the gallbladder may come into view and 
the distinction between polyps and stones is facilitated (Figs 14.27 
and 14.28). 



Figure 14.27 Stone in the gallbladder. A: With the patient supine there is no evidence of any stone. B: A stone comes into view when 
the patient is turned right side up. 




Figure 14.28 Stone in the fundus. The stone in the gallbladder neck (A, supine) is clearly seen in the fundus of the gallbladder when the 
patient is scanned in the erect position (B). 
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Movement may also help when there are small stones from which 
it is proving difficult to demonstrate acoustic shadowing. If these 
stones can be collected into a group then the shadow may become 
more readily visible. 61 

Similarly, if small stones form a thin layer on the posterior wall 
of the gallbladder, the echoes from the stones may be erroneously 
ascribed to the wall itself. Shadowing from small stones lying on 
the posterior wall of the gallbladder may be obscured by the high 
reflectivity of the wall itself or of the immediately adjacent bowel 
gas, causing a 'blooming' effect (Fig. 14.29). If such stones can be 
encouraged either to float across the gallbladder lumen or to clump 
together, the shadowing becomes obvious. Good technique, includ¬ 
ing the correct use of frequency, focal zone and gain settings, is 
essential in the diagnosis of tiny stones (Fig. 14.30). 

Difficulties can sometimes arise when stones float up to the ante¬ 
rior wall so that the gallbladder lumen is not visualised, but once 
again, movement of the patient is crucial in avoiding this pitfall 
(Fig. 14.31). 

Milk of calcium bile (sometimes known as 'limy bile'), where the 
bile becomes a thick paste-like material, is another instance where 
gravity dependence is an aid to ultrasound diagnosis. The appear¬ 
ances here are predominantly those of echoes and shadowing from 
the gallbladder fossa, but layering out of the milk of calcium will 
be evident on the erect scans. 62,63 

Microlithiasis/biliary sludge 


Non-shadowing, gravity-dependent echoes within the gallbladder 
are variously referred to as 'biliary sludge' or 'echogenic bile'. 
Several different pathological and physiological entities can result 
in these ultrasound appearances and, since neither of the above 
terms specifies a particular cause, there is considerable confusion 
about the significance of these findings. Most commonly the echoes 
represent particles (calcium salts) that have precipitated from the 
bile. In-vitro studies have shown that the echoes in 'biliary sludge' 


are caused by particles 5 to 10 pm in size, and chemical analysis 
revealed that these were mainly calcium bilirubinate granules 
together with some cholesterol crystals. 53 

Echogenic bile may also be due to pus or blood in the bile as a 
result of infection or trauma, or it may be seen in association with 
obvious stones in the gallbladder (Fig. 14.32). 64 In these cases, the 
appearances are incontrovertibly pathological, and when taken in 



Figure 14.29 Layered stones. A layer of small stones on the 
posterior wall is difficult to separate from the wall echoes, but note 
the band of distal shadowing. 



Figure 14.30 Technique for small stones: transverse scan of the gallbladder. A: Line density has been increased by reducing the area 
of scan, and the frequency has been increased from the normal liver setting. B: The focal zone has been moved alongside the gallbladder 
to display the small stones. 
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Figure 14.31 Floating stones. The gallbladder lumen may be 
masked by the shadow from stones which float up to the 
anterior wall. 


GB 



Figure 14.32 Stones and echogenic bile. Stones in the neck of 
the gallbladder (shadowing) with inspissated bile, or biliary sludge, 
filling the gallbladder lumen. 



Figure 14.33 Echogenic bile. A: Transverse scan through a gallbladder containing non-shadowing echogenic material in a patient who 
had been on intravenous feeding. B: Layering gallbladder sludge in a fasting patient. 


conjunction with the patient's history, physical signs and other 
ultrasound features, the diagnosis can be quite specific. 

However, echogenic bile may also be seen when there is bile 
stasis in the absence of stone disease, and several clinical conditions 
have been associated with this including pregnancy, rapid weight 
loss, parenteral nutrition (Fig. 14.33), octreotide therapy and bone 
marrow transplant. 65 

Microlithiasis may also be due to pathological biliary obstruction 
or physiological factors, such as gallbladder dysmotility, and can 
be associated with biliary colic, acute cholecystitis and, in a minor¬ 
ity of cases, recurrent acute pancreatitis. 66 The larger particles are 
an intermediary step towards the formation of gallstones 67 (although 
this result is by no means inevitable if biliary sludge is 
demonstrated). 

It has been pointed out that some non-shadowing echoes within 
the gallbladder are due to slice thickness artefacts. Clues that should 
alert the sonographer to this possibility include non-dependence on 
receiver gain and lack of change in height of debris between scans 
performed in transverse and longitudinal planes (Fig. 14.34). 68 

Occasionally non-shadowing echoes within the gallbladder may 
clump together, giving the so-called 'sludge balls' or 'tumefactive 


sludge' (Fig. 14.35). This may give rise to a diagnostic dilemma 
since the appearances may mimic a soft tissue mass projecting into 
the gallbladder lumen, resulting in a false diagnosis of gallbladder 
tumour or polyp (Fig. 14.36). 69 Movement of the echoes with gravity 
should be the key to differentiating these conditions, but the bile in 
these cases may be thick and viscid so that movement of the echoes 
may be imperceptibly slow. A repeat scan with a normal diet in the 
interim should reveal the true nature of the problem. 70 

Gallbladder wall thickening 


In the fasting state, the normal gallbladder is distended and has a 
wall thickness of less than 3 mm. 71 The normal anterior wall appears 
as a single smooth well-defined reflecting structure and its 
thickness can be measured accurately, while the posterior wall can 
be more difficult to measure because this wall is frequently in 
contact with air-containing bowel and the end-point is indistinct 
(Fig. 14.37). 

When the gallbladder contracts in response to a fat-containing 
meal or injection of cholecystokinin, the wall becomes thicker 72 and 
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Figure 14.34 False echogenic bile. Slice thickness artefact 
causing echoes within the gallbladder on the left-hand image. 
The bile is echo-free after slight readjustment of transducer 
angulation on the right-hand image. 



Figure 14.35 Tumefactive sludge in the gallbladder neck. 


Figure 14.37 Non-fasting gallbladder. Normal non-fasting 
gallbladder wall. Longitudinal scan. 



Figure 14.38 Gallbladder in ascites. Thickened gallbladder wall 
in the presence of ascites. 


GB 



Figure 14.36 Lumpy bile. Sludge gives the impression of a soft 
tissue mass. This can potentially lead to an erroneous diagnosis of 
gallbladder carcinoma. 


three distinct zones can then be identified - a strongly reflecting 
outer contour, a reflecting inner contour, and an echo-poor layer 
between the reflecting structures (Fig. 14.38). 73 

The method of measurement of gallbladder wall thickness is an 
important consideration since the ultrasound beam should be per¬ 
pendicular to the wall so that measurements are truly axial. This 
may mean that measurements of both anterior and posterior wall 
thicknesses cannot be made on the same scan section. Wall thick¬ 
ness should be measured with the gallbladder in a longitudinal (not 
transverse) section, where the callipers can be reliably placed per¬ 
pendicular to the wall, as it has been shown that minor angulation 
or decentring of the beam can cause 'pseudothickening' of the gall¬ 
bladder wall 74 (Fig. 14.15). 

Gallbladder wall thickening is also related to non-biliary disease, 
such as hepatic disease, ascites, heart and renal failure, AIDS and 
sepsis. 75 It had been observed that the gallbladder wall appeared to 
be thickened in the presence of ascites (Fig. 14.38) 76 and this was 
thought to be due to oedema of the gallbladder wall. It had also 
been shown that chronic alcoholics with hypoalbuminaemia had 
thickened gallbladder walls (Fig. 14.39), and in the majority of the 
cases under study there was no ascites in contact with the gallblad¬ 
der. 77 It was therefore suggested that gallbladder wall thickening in 
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Figure 14.39 Gallbladder wall in hypoalbuminaemia. Thickened 
gallbladder wall in a patient with hypoalbuminaemia but no ascites. 


the presence of ascites was due to the underlying hypoalbuminae¬ 
mia with shift of fluid from the intravascular to extravascular space. 
Patients with non -portal hypertension ascites, due to malignancy, 
are more frequently found to have normal gallbladder wall 
thickness. 78,79 

Gallbladder wall thickening can be seen in the presence of ascites 
even when the serum albumin level is normal and care is taken over 
transducer angulation, 80 and in these cases the wall thickening is 
caused by ascites per se, presumably due to passive diffusion of 
fluid. A further twist to the tale has been provided by the observa¬ 
tion that in patients with cirrhosis of the liver, portal hypertension 
can give rise to thickening of the gallbladder wall - "congestive 
cholecystopathy' due to venous dilatation - in the absence of either 
hypoalbuminaemia or ascites, 81 and colour or power Doppler can 
assist in identifying varices of this nature. 

The gallbladder wall thickens in response to a wide range of 
pathological processes (Fig. 14.40) (see Table 14.1) and is thus a very 
non-specific sign when used in isolation. 82 However, several of the 
conditions listed in Table 14.1 result in other ultrasound findings; 
the detection of gallbladder wall thickening may then provide 
useful contributory or confirmatory evidence. 

Ultrasound signs may, of course, have uses other than purely 
diagnostic. In acute viral hepatitis, gallbladder wall thickening has 
not only been observed, 83 but has also been shown to correlate well 
with the degree of liver cell necrosis 84 and thus carries prognostic 
implications (Fig. 14.41). 

Acute cholecystitis 


Most patients presenting with acute cholecystitis undergo laparo¬ 
scopic cholecystectomy, following analgesia, within the first week 
of the onset of symptoms. 91 This trend for urgent cholecystectomy 
demands that the diagnosis is made quickly, and therefore for 
patients who present with acute right upper quadrant pain, ultra¬ 
sound is the initial imaging procedure of choice, also enabling a 
search to be made for other causes of the patient's pain. 43 



Figure 14.40 Gallbladder in leukaemia. Grossly thickened 
gallbladder wall (arrows) in leukaemia. 


Table 14.1 Causes of gallbladder wall thickening 

Physiological: 

Postprandial 

Inflammatory disease of the gallbladder: 

Acute cholecystitis 
Chronic cholecystitis 
Sclerosing cholangitis 85 
AIDS 86 

Crohn’s disease 87 

Non-inflammatory disease of the gallbladder: 

Adenomyomatosis 
Carcinoma of gallbladder 
Leukaemia 
Multiple myeloma 

Oedema of the gallbladder wall: 

Ascites 

Hypoalbuminaemia 
Heart failure 
Portal hypertension 
Renal disease 

Malignant lymphatic obstruction 88 /lymphoma 
Adjacent inflammatory disease: 

Acute viral hepatitis 
Alcoholic hepatitis 89 
Acute pancreatitis 
Pericholecystic abscesses 
Hepatobiliary schistosomiasis 90 


There is no single ultrasound sign that is specific for the diagnosis 
of acute cholecystitis; rather there is a range of findings which 
are conveniently discussed as either 'major' or 'minor' signs 
(Table 14.2). 

Most studies have indicated that the sensitivity for a major sign 
of acute cholecystitis is 81-86%, and the specificity is 94-98%. The 
addition of a minor sign increases the sensitivity of ultrasound to 
90-98%. 92 Not reflected in these figures for sensitivity and specifi¬ 
city is the ability to diagnose non-biliary sources of right upper 
quadrant pain - in as many as 35% of the patients without gall 
disease. 93 

Increased thickness of the gallbladder wall (Fig. 14.42) is well 
documented in acute cholecystitis, 94,95 but as discussed above, it is 
found in many other conditions, and is thus a minor sign. However, 
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Figure 14.41 Gallbladder in hepatitis. Thickened gallbladder wall 
in acute viral hepatitis. Stones are also present. 


Table 14.2 Ultrasound signs of acute cholecystitis 

Major 

Minor 

Stones in the gallbladder 

Pericholecystic fluid 

Oedema of gallbladder wall 

Thickening of gallbladder wall 

Gas in gallbladder wall 

Intraluminal changes 

+ve Murphy’s sign 

Over-distended gallbladder 


more obvious oedema of the gallbladder wall, which is recognisable 
by either a continuous echo-poor rim around the gallbladder or by 
a focal echo-poor zone in the wall, is a major sign of acute chole¬ 
cystitis, providing that other causes of gallbladder wall oedema 
such as hypoalbuminaemia, heart failure, and other local inflamma¬ 
tion have been excluded (Fig. 14.43). The echo-poor zones probably 
represent accumulation of oedema, inflammatory exudate and/or 
haemorrhage. The echo-poor 'halo' is most easily demonstrated 
between the liver and the anterior wall of the gallbladder since the 
echo-poor bowel wall that is often adjacent to the posterior gallblad¬ 
der wall may give a false positive 'halo sign'. 96 

Gallbladder tenderness is popularly known as the 'ultrasonic 
Murphy's sign', 97 but it does differ significantly from the clinical 
sign described by Murphy and modified by Moynihan. 98 In the 
clinical sign, the left hand of the examiner is placed on the costal 
margin in such a manner that the thumb lies over the fundus of the 
gallbladder. The thumb exerts moderate pressure and the patient is 
asked to take a deep breath. The sign is positive if the patient 
'catches their breath' when the descending diaphragm causes the 
inflamed gallbladder to impinge on the thumb. A positive ultra¬ 
sonic Murphy's sign is present when the tenderness is maximal 
over the ultrasonically localised gallbladder, 99 thus ensuring that 
the pain is elicited only during image-verified deformation of the 
gallbladder. 72 The combination of stones in the gallbladder and a 
positive ultrasound Murphy's sign are highly specific for acute 
cholecystitis (92%). 100 There is some evidence that colour Doppler 
of the gallbladder wall is useful in indicating the degree of inflam¬ 
mation in cholecystitis, 101 although this is rarely necessary in clinical 
practice. 



Figure 14.42 Acute cholecystitis. Thickened gallbladder wall with 
a hypoechoic central zone due to acute cholecystitis, tender on 
scanning. Note the large stone in the fundus. 



Figure 14.43 Acute cholecystitis. Thickened gallbladder wall with 
an echo-poor ‘halo’ due to acute cholecystitis. 


It is important to recognise complications of acute cholecystitis, 
as this can lead more readily to open surgery and carries increased 
risk for the patient. 102 Acute cholecystitis may progress to gangre¬ 
nous cholecystitis, which may perforate, resulting in a perichole- 
cystic abscess (Figs 14.44 and 14.45) or peritonitis. The morbidity 
and mortality associated with this condition are considerably 
higher than with uncomplicated acute cholecystitis and it is impor¬ 
tant to look for ultrasound signs that may expedite diagnosis and 
emergency surgery. Marked irregularity or asymmetrical thicken¬ 
ing of the gallbladder wall reflect the pathological changes of ulcer¬ 
ation, haemorrhage, necrosis and intramural micro-abscesses. 103 
Strands of fibrinous exudate and infected debris, due to sloughing 
of the gallbladder wall, may be present in the gallbladder lumen 
(Fig. 14.46). 104 Ultrasound may often detect perforation of the 
gallbladder wall, although CT is also a valuable adjunct in 
difficult cases. 105 
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Figure 14.44 Gangrene. Gangrenous gallbladder wall with small 
pericholecystic leak. 



Figure 14.46 Gangrenous cholecystitis. Gangrenous gallbladder 
wall and typical intraluminal membranes representing desquamated 
mucosa. 



Figure 14.45 Pericholecystic collection. The fluid within a 
pericholecystic leak (arrow) near the gallbladder fundus contains 
echoes due to pus. The gallbladder has a thickened, tender wall 
and contains stones. 


Interestingly, only 33% of patients with gangrenous gallbladders 
are said to have a positive ultrasonic Murphy's sign 106 compared 
with the 95% prevalence in patients with acute non-gangrenous 
cholecystitis." Perhaps the lack of pain is due to necrosis of the 
nerves in the muscular and serosal layers of the gallbladder. 

Empyema of the gallbladder is difficult to recognise on ultra¬ 
sound because the typical finding of sludge (non-shadowing 
gravity-dependent echoes) may be caused by many processes other 
than debris or pus (Fig. 14.47). 107 ' 108 

Pericholecystic fluid collections may be due to localised peritoni¬ 
tis or to leaks from perforation of the gallbladder wall. These latter 
may vary in size and complexity from a small bile collection as a 
result of a microperforation to a true pericholecystic abscess 



Figure 14.47 Empyema of the gallbladder. Thickened, irregular 
wall with echogenic material, representing pus, filling the lumen. 


(Fig. 14.48). 109 The ultrasound appearances of such abscesses can be 
quite variable, ranging from predominantly echo-free to predomi¬ 
nantly highly reflective, although increased through transmission 
of sound should remain apparent. 110 

Gas in the gallbladder wall, the hallmark of emphysematous 
cholecystitis, is due to gas-forming organisms in the bile, and is one 
of the major ultrasound signs of acute cholecystitis. It may be rec¬ 
ognised by highly reflective areas within a thickened and oedema- 
tous gallbladder wall with shadowing and reverberations distally 
(Fig. 14.49). 111-113 There may also be gas within the gallbladder 
lumen, which may make it difficult to distinguish the gallbladder 
from a loop of bowel. Repositioning the patient may help, and it 
has been documented that the gas in the gallbladder wall may shift 
with gravity, 114 and that the gas in the lumen may be seen to 'effer¬ 
vesce' on real-time observation. 115 Although this is a rare condition, 
it is important to recognise because of its strong association 
with gangrene and perforation of the gallbladder. 116 Due to the 


245 









CHAPTER 14 • Gallbladder and biliary tree 



Figure 14.48 Large pericholecystic abscess (arrows) extending into the liver from the thick-walled gallbladder which is seen to contain 
stones. A: Longitudinal scan. B: Transverse scan. 



Emphysematous cholecystitis. Thickened Figure 14.50 Acalculous cholecystitis. Thickened gallbladder 

gallbladder wall containing an area of high reflectivity with distal wa || j n acalculous cholecystitis, 

shadowing due to gas. 


increasing use of high-resolution ultrasound in suspected biliary 
disease, however, the condition is being diagnosed with increasing 
frequency and a spectrum of severity is now recognised whereby 
conservative treatment may be considered in a proportion of 
patients. 117 Emphysematous cholecystitis may occur in the absence 
of gallstones - usually in diabetics - it is postulated that ischaemia 
of the gallbladder wall may be a primary factor in these cases. 

Acute cholecystitis is acalculous in approximately 5-10% of all 
patients with acute cholecystitis. 118 It frequently occurs as a compli¬ 
cation of a prolonged or severe illness such as recent major surgery, 
burns, sepsis, prolonged hypotension, general debility and diabe¬ 
tes. 119 Histologically, the changes in the gallbladder wall are similar 
to calculous cholecystitis, although gangrene and perforation are 
more common in the acalculous variety - presumably because of 
delayed diagnosis and treatment. The lack of stones and the inabil¬ 
ity to elicit the ultrasonic Murphy's sign in a comatose patient 
contribute to the diagnostic difficulty, although thickening of the 
gallbladder wall in association with a lack of response of the gall¬ 
bladder to cholecystokinin, distension of the gallbladder and the 
presence of sludge are helpful signs (Fig. 14.50). 120 Diagnostic 


specificity may be improved by ultrasound-guided percutaneous 
aspiration of the gallbladder so that bacteria and/or leukocytes can 
be detected in the bile, 121 but initial enthusiasm for the technique 
has become tempered by the limitation that a negative result does 
not exclude acute cholecystitis. 122 This is only to be expected when 
it is remembered that in patients coming to surgery for acute chole¬ 
cystitis, only approximately half have infected bile from which 
aerobic or anaerobic organisms may be cultured. 

In patients with acute cholecystitis who are unsuitable for 
surgery, and in whom antibiotics have not been effective, percuta¬ 
neous gallbladder drainage under ultrasound guidance represents 
an effective, bedside treatment, 123 with aspiration being preferred 
over cholecystostomy due to its lower complication rate. 124 

Chronic cholecystitis 


Chronic cholecystitis, which is associated with recurrent right 
upper quadrant pain, is almost always found in association with 
gallstones although the exact aetiology is unclear and the classic 
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Figure 14.51 Chronic cholecystitis. A: Contracted, thick-walled gallbladder containing stones. B: Irregularly thickened, hyperechoic 
gallbladder wall, with stones. 


'chicken and egg' debate continues to rage. Chronic inflammation 
of the wall is likely to be associated with repeated episodes of 
(sometimes) subclinical acute cholecystitis, together with mechani¬ 
cal abrasion of the gallbladder wall from stones. 

In association with the stones there is a chronic inflammatory cell 
infiltrate throughout all the layers of the wall which becomes thick¬ 
ened with fibrosis in both the subserosal and muscular layers, 
resulting in overall shrinkage of the viscus and reduction of the 
lumen. In this clinical context, the ultrasonic demonstration of 
stones in the gallbladder, with or without thickening of the gall¬ 
bladder wall, is usually taken to be diagnostic (Fig. 14.51). 

If the presence of ultrasonically demonstrated gallstones is taken 
as an indicator of chronic gallbladder disease as defined by 
surgery, then ultrasound has been found to have a sensitivity 
ranging from 90% to 98%, with specificity consistently in the 94- 
98% range. 92 

If clinical suspicion persists in the case of a normal ultrasound, 
MRCP is useful in identifying stones in the common duct in addi¬ 
tion to demonstrating possible biliary duct anomalies. 125 

Hyperplastic cholecystoses 


In some cases of chronic cholecystitis, the lining epithelium of the 
gallbladder extends between the muscle bundles, giving rise to 
deeply situated gland-like structures, known as Rokitansky- 
Aschoff sinuses. When extensive, these diverticula form numerous 
gland-like spaces lined by epithelial cells that extend throughout 
the gallbladder wall. A focal increase in wall thickness may result 
in localised narrowing of the gallbladder lumen, giving rise to the 
appearance of a stricture. The term 'cholecystitis glandularis prolif- 
erans' has been applied to such a condition. 

However, these 'hyperplastic' changes in the gallbladder wall 
may occur in the absence of either gallstones or inflammatory infil¬ 
trates, when the condition is known as adenomyomatosis. 126 Aden- 
omyomatosis is thought to be present in up to 5% of the adult 
population, 127 and has also been recorded in the paediatric popula¬ 
tion. It is distinct from chronic cholecystitis, and although excessive 
intraluminal pressure has been suggested as the cause, the exact 
aetiology remains unclear. 

The ultrasound features of adenomyomatosis are well recog¬ 
nised. 128 There is diffuse or segmental thickening of the gallbladder 


wall, with intramural diverticula which may be echo-free if they 
contain fluid bile, or highly reflective if they contain bile concre¬ 
tions. Segmental and eccentric wall thickening may produce mid¬ 
cavity strictures, and the high-amplitude periluminal foci (due to 
aggregates of solid bile elements in the Rokitansky-Aschoff sinuses) 
give a typical 'diamond ring' appearance on transverse sections of 
the gallbladder (Fig. 14.52). 129 

The clinical significance of adenomyomatosis of the gallbladder 
is controversial since it is found in both symptomatic and asymp¬ 
tomatic individuals. However, a significant proportion of patients 
with adenomyomatosis do improve after cholecystectomy, espe¬ 
cially if the symptoms were more suggestive of biliary colic than of 
vague dyspepsia, or if gallstones are found in association with the 
adenomyomatosis. Segmental adenomyomatosis, in which the gall¬ 
bladder is effectively divided by a stricture into two compartments, 
predisposes to cholecystolithiasis, particularly in the fundal com¬ 
partment, due to bile stasis. 130 

The 'strawberry gallbladder' of cholesterolosis, another non¬ 
inflammatory condition of the gallbladder, is the result of the accu¬ 
mulation of lipids in the mucosa of the gallbladder wall. The 
resulting surface nodules are usually less than 1 mm in diameter, 
which may be difficult to demonstrate on ultrasound, but larger 
polypoid excrescences forming cholesterol polyps may also develop. 
These are displayed as small reflective foci attached to the wall of 
the gallbladder which do not exhibit posterior shadowing or mobil¬ 
ity with patient movement (Fig. 14.53). 131 

The aetiology of cholesterolosis is not fully understood. It is sug¬ 
gested that the mucosal changes might arise simply because of 
increased cholesterol uptake from bile containing extra cholesterol, 
and a correlation with high serum cholesterol has been demon¬ 
strated, 132 but this remains controversial and the exact causes are 
complex and likely to be multifactorial. 133 Whilst cholecystectomy 
is unlikely to benefit patients with vague dyspeptic symptoms, it is 
likely to help patients in whom the history suggests biliary colic, or 
when there are associated gallstones. 134 


Polyps of the gallbladder include pseudo-tumours such as inflam¬ 
matory polyps, cholesterol polyps and adenomyomas, the localised 
form of adenomyomatosis. They are common, and in the absence 


Polyps 
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Figure 14.52 Adenomyomatosis. A: Adenomyomatosis at the 
gallbladder fundus showing the typical comet-tail artefacts. Note the 
solitary large gallstone. B: Adenomyomatosis at the fundus in a 
different patient, demonstrating the ‘diamond ring’ appearance with 
concretions in a dilated sinus, longitudinal scan. C: Transverse scan 
of the patient shown in B. 


Figure 14.53 Multiple cholesterol polyps. Transverse scan 
through the body of the gallbladder demonstrating multiple small 
polyps projecting into the lumen. 
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of accompanying gallstones are probably not clinically significant 
if small. 

The commonest type of true benign neoplasm is the adenoma, 
which can be either sessile or papillary and is usually solitary. 135 
Adenomatous gallbladder polyps have been described in Peutz- 
Jeghers syndrome; 136 10% are multiple, and 10% show evidence of 
carcinoma in situ. 137 Intestinal metaplasia can be found in large 
adenomas and may be a premalignant change 138 and, as in the 
intestinal tract, it is probably the larger adenomas that undergo 
malignant transformation. Adenomas are usually incidental find¬ 
ings, but they can cause biliary colic. 

The typical ultrasound appearance is of a soft tissue mass project¬ 
ing into the gallbladder lumen (Figs 14.54 and 14.55). It remains 
fixed to the gallbladder wall despite movement of the patient and 
does not cast an acoustic shadow (Fig. 14.56). Because of the prob¬ 
ability of an adenoma/carcinoma sequence, cholecystectomy is 
advisable if the polyp is 10 mm or larger, even for asymptomatic 
polyps. 139 Other risk factors for malignancy include a wide-based, 
or sessile polyp, irregularity of the surface, solitary lesions and age 
over 50. 140 Polyps that show a tendency to enlarge are also at higher 
risk of malignant transformation, and may be monitored with 


ultrasound. CT is useful in identifying early signs of malignancy in 
large polyps prior to surgery. 

Contrast-enhanced ultrasound has been used in helping to dif¬ 
ferentiate gallbladder polyps and carcinomas from sludge balls 141 
but as vascularity in the form of contrast uptake is demonstrable in 
the majority of larger lesions, 142 and also occurs in different types 
of polyps, its clinical usefulness is limited (Fig. 14.57). 

There are other benign neoplasms of the gallbladder including 
fibroma, lipoma, myoma, carcinoid and haemangioma, but they are 
all extremely rare. 143 

Carcinoma 


Carcinoma of the gallbladder is a highly malignant tumour charac¬ 
terised by early metastases and a 5-year survival rate of less than 
5%. 144 although this can be improved in cases of early detection. 145 
It is the fifth most common malignancy of the gastrointestinal tract, 
and the most common cancer of the biliary tract worldwide, com¬ 
prising 1-3% of all cancers. It affects females four times as com¬ 
monly as males, and its prevalence increases with age. There is a 


gb: 


Figure 14.54 Hyperplastic gallbladder polyps in the gallbladder. 




Figure 14.55 Two hyperplastic polyps within the same 
gallbladder. 


Figure 14.57 Contrast ultrasound of gallbladder polyps shows 
take-up of contrast in the polyps. 
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high correlation with gallstones (80-90%) and chronic cholecystitis, 
suggesting that chronic inflammation of the gallbladder mucosa 
may result in a dysplasia which goes on to neoplastic transforma¬ 
tion. Up to 1.5% of patients undergoing cholecystectomy for stones 
turn out to have gallbladder carcinoma. 146 

Early diagnosis of this tumour is difficult, and frequently not 
made until local spread and metastases have occurred, but the 
ultrasound detection of gallbladder wall irregularities, 147 or of a 
complex reflective mass obliterating the gallbladder lumen, 148 may 
enable the diagnosis to be made preoperatively. 

The various ultrasonic appearances of gallbladder carcinoma 149-152 
have been well described. The most common finding is of a large 
solid mass filling the gallbladder bed (Fig. 14.58). This appearance 
is non-specific, the underlying nature of the mass being implied by 
the lack of visualisation of a separate gallbladder lumen or the pres¬ 
ence of stones within the mass. The tumour may also be detected 
as an irregular polypoid mass within the gallbladder lumen, or as 
irregular thickening of the gallbladder wall which may be focal or 
diffuse, or as a combination of the two. In patients with gallbladder 
polyps, the risk of malignant transformation is increased in polyps 
of 10 mm or over, and in patients aged over 50. 153 For this reason, 
cholecystectomy is advised in such cases. 

Focal extension of the tumour into the adjacent liver is also 
readily identifiable with ultrasound. 154 However, CT is still the 
method of choice for staging purposes, particularly in the detection 
of lymphatic and peritoneal spread. 

Approximately 25% of patients with a porcelain gallbladder (cal¬ 
cification of the gallbladder wall) will have associated carcinoma, 
and the lesion may be obscured by the acoustic shadow arising 
from the calcified anterior wall. Differentiating a porcelain gallblad¬ 
der from a gallbladder full of stones is important because of this 
high risk of malignancy. With careful scanning, the non-calcified 
anterior wall of the gallbladder can be seen in the case of stones, 58,59 
while the calcified posterior wall of a porcelain gallbladder may be 
seen, giving diagnostic appearances of a biconvex curvilinear reflec¬ 
tive structure (Fig. 14.59). 60 The development of a carcinoma within 
a porcelain gallbladder can be detected if there is local or diffuse 
thickening of the gallbladder wall external to the calcified portion, 
an eccentric mass arising from the gallbladder wall, or if there is 


evidence of biliary obstruction, porta hepatis or peripancreatic lym- 
phadenopathy, or liver metastases. 96 

Although the overall prognosis for this tumour remains bleak 
with a mean survival of less than 5 months from the time of diag¬ 
nosis, ultrasound may facilitate treatment of early and curable car¬ 
cinomas by the fortuitous detection of tumours in patients who are 
asymptomatic or who have symptoms attributable to the coexistent 
stones. 155 In countries where the rate of cholecystectomy for chole¬ 
lithiasis has increased, there has been a corresponding decrease in 
the mortality from gallbladder carcinoma. 156 

As with any other abdominal viscus, blood-borne metastases 
may find their way to the gallbladder, albeit rarely, and asymmetri¬ 
cal wall thickening or polypoid intraluminal masses may be 
indistinguishable from primary gallbladder cancer (Fig. 14.60). 157 
Malignant melanoma is the most common source of gallbladder 
metastases although this is rare, and associated with an extremely 
poor prognosis. 158 

Worms 


Parasitic infections are common in tropical countries, and may find 
their way into the gallbladder and/or bile ducts, causing biliary 
obstruction, cholangitis or even cholangiocarcinoma. They are 
increasingly recognised on ultrasound as worldwide travel exposes 
individuals in non-endemic areas to parasites, with a consequent 
improvement in the understanding of the imaging features of 
infestation. 

Ascariasis 

The Ascaris lumbricoides roundworm is the most common parasitic 
infestation of the gastrointestinal tract worldwide, and is endemic 
in the Far East, countries of the former Soviet Union, Latin America 
and Africa. Worldwide it is probably second only to gallstones as 
a cause of acute biliary symptoms. The adult worm is 15-50 cm long 
and some 5 mm thick, and lives mainly in the jejunum. It has a 
propensity to migrate up into the common bile duct from where it 
may enter the gallbladder or intrahepatic bile ducts. It may then 



Figure 14.58 Carcinoma of the gallbladder producing a large, ill-defined solid mass in the gallbladder fossa - note the colour flow 
within the mass. A: Longitudinal scan. B: Transverse scan. 
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cause biliary colic, acute cholecystitis, liver abscess or biliary 
obstruction. 159,160 Ultrasound scans will demonstrate the worms in 
the common duct or gallbladder as single strips, multiple strips, 
coils, or as amorphous fragments (Fig. 14.61). The writhing move¬ 
ments of the living worm are striking on real-time scanning. 

Clonorchiasis 

People ingest the Clonorchis sinensis liver fluke by eating raw fresh¬ 
water fish, and the disease is endemic in the Far East. The adult 
worms are some 5 mm in length and tend to reside in the peripheral 
intrahepatic bile ducts, causing regional peripheral dilatation and 
chronic inflammation with ductal wall thickening. Usually the main 
ducts remain undilated, but occasionally the worms migrate to the 
extrahepatic ducts and gallbladder. Intrahepatic duct dilatation and 
cholangitis are the main features of the disease, but the parasites can 
be demonstrated in the gallbladder, where they cause floating or 
dependent, discrete, non-shadowing, intraluminal reflective foci, 
which are fusiform in shape and measure 3-6 mm. Spontaneous move¬ 
ments of these structures have been observed on ultrasound, represent¬ 
ing movement of living worms. Infestation can cause various 
complications including gallstones, intrahepatic stones, cholangitis, 
abscess formation, cirrhosis and, occasionally, cholagiocarcinoma. 161,162 

Fascioliasis 

Fasciola hepatica is a cattle fluke which may occasionally infect the 
human liver and biliary tract. Adult Fasciola worms may be dem¬ 
onstrated in the gallbladder and biliary ducts as intraluminal, 
reflective flat structures 20-30 mm long. 161 

Biliary complications can also be seen with Opisthorchis viverrini, 
O.felineus and Dicrocoelium dendriticum, which are closely related to 
Clonorchis sinensis. 162 


Hydrops 


The term refers to distension of the gallbladder, usually in the 
absence of stones, as a result of cystic duct blockage, or mucocele. 
The appearance tends to be a rounded, tense gallbladder with 
increased intraluminal pressure (Fig. 14.62). Enlargement of the 
gallbladder is a subjective judgement as the range of normal varia¬ 
tion precludes precise ranges for the normal dimensions. The long 
axis measurement should not exceed 10 cm and the short axis 5 cm, 
but these figures are only a rough guide as many abnormally dis¬ 
tended gallbladders will be smaller than these sizes, and some 
normal gallbladders will be larger. 

Numerous conditions are associated with gallbladder distension, 
such as diabetes, pregnancy 163 and in response to some drugs. 164 
Longstanding gallbladder outflow obstruction produces an over¬ 
distended organ in which the bile pigments become absorbed and 
the fluid within turns sterile and watery or mucoid (white). The 
wall may or may not be thickened. 

In children, acute non-inflammatory hydrops may result from a 
variety of causes, such as Kawasaki syndrome (mucocutaneous 
lymph node syndrome), 165 typhoid, leptospirosis, 166 hepatitis, 
nephritic syndrome and Sjogren's disease. 167 

Chronic dilatation may be due to stones in Hartmann's pouch or the 
cystic duct, giving rise to a mucocele of the gallbladder (Fig. 14.63). 

Microgallbladder 


A small, often thick-walled gallbladder in the fasting state, which does 
not fill or empty normally, is classified as a microgallbladder and this 
occurs in approximately 25% of patients with cystic fibrosis. 168 The 
gallbladder usually contains colourless viscid mucus - 'white bile' - 
and the cystic duct may be atrophic or occluded with mucus. 
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Figure 14.60 Metastatic deposits (arrows) from an anaplastic lung primary are seen in the gallbladder wall as echo-poor nodules. 

A: Longitudinal scan. B: Transverse scans. C: Metastases from malignant melanoma giving rise to a clearly defined, slightly heterogeneous 
soft tissue lesion arising from the gallbladder wall, oblique scan and D: transverse scan. 



Figure 14.61 Worms in gallbladder. Longitudinal scan (A) and transverse scan (B) showing curved worm in the gallbladder lumen. 
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Figure 14.62 Hydrops of the gallbladder due to mucocutaneous 
lymph node (Kawasaki syndrome) in a child aged 3 months. 



Figure 14.63 Mucocele of the gallbladder. The gallbladder is 
distended, thin walled and contains stones. 


There is an increased incidence of gallstones in cystic fibrosis due 
to a combination of factors, which include loss of bile salts because 
of malabsorption, increased biliary lipid composition and bile 
stasis, with consequent obstruction of smaller bile ducts leading to 
obstructive cirrhosis. Thickening of the gallbladder wall may 
develop if secondary cholecystitis occurs (Fig. 14.64). 169 


BILE DUCT PATHOLOGY 


Jaundice 


Jaundice is due to an increase in the serum bilirubin level above the 
normal range of 1 to 15 mg/L (1.7 to 25 pmol/L). When the increase 
is mild its presence may only be detected on biochemical analysis 
of the blood, but when the bilirubin level rises sufficiently there is 
clinically detectable yellow discoloration of the skin, sclerae and 
mucous membranes. 



Figure 14.64 Microgallbladder (arrow) in a fasted patient with 
cystic fibrosis. 


The pathological mechanisms that give rise to jaundice can be 
classified into three main groups: haemolytic (or prehepatic), hepa¬ 
tocellular (or hepatic), and obstructive. 

The haemolytic nature of jaundice is readily apparent from hae- 
matological and biochemical blood tests, and imaging has little part 
to play in diagnosis or management. 

There are many causes of hepatocellular jaundice, most of which 
will be diagnosed on biochemical, serological or histological exami¬ 
nations of the blood or liver, but some will cause structural changes 
in the liver which may be detectable on ultrasound scans. The 
ultrasound features of parenchymal liver diseases such as the 
various types of hepatitis and cirrhosis, of primary and secondary 
malignant disease of the liver, and of inflammatory processes such 
as pyogenic liver abscesses, are discussed in Chapters 8 and 10. 
Ultrasound may suggest the cause of hepatocellular jaundice and 
it can be used to guide a needle for a diagnostic aspiration or biopsy 
(see Chapter 11). 

Obstructive jaundice is strictly defined as due to a block in the 
pathway between the site of conjugation of bile in the liver cells and 
the entry of bile into the duodenum through the ampulla. The block 
may be intrahepatic, at the biochemical, cellular or canalicular level, 
or extrahepatic in the bile ducts. It is this latter group of causes of 
extrahepatic obstructions that are referred to as surgical jaundice, to 
simplify their distinction from all other causes of jaundice which 
are then referred to as medical. 

Although the cause can often be diagnosed on the basis of a 
careful history and examination, the differing managements of 
medical and surgical jaundice make early differential diagnosis 
essential. Conventional blood testing will usually confirm the pres¬ 
ence of cholestasis but provides little or even misleading informa¬ 
tion about the site of obstruction and its cause. A variety of 
techniques for visualising the biliary tree are now available and it 
is important that patients are subjected to a diagnostic pathway 
most appropriate for their particular needs and clinical presenta¬ 
tion, as there are inherent risks involved in some diagnostic tests, 
such as endoscopic procedures or contrast injection. Ultrasound 
scores highly on grounds of safety, simplicity, cost and accuracy, 
and has therefore come to be universally regarded as the best initial 
imaging procedure. 170 
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Ultrasound has been shown to be highly accurate in diagnosing 
surgical jaundice, detecting dilatation of the intrahepatic or extrahe- 
patic biliary tree in 85-95% of patients with proven obstruction, 171-177 
and has a high positive predictive value for obstruction with an 
incidence of false positive findings of less than 5%. Ultrasound is 
also highly accurate at defining the level of obstruction, although 
the actual cause may be diagnosed in only about a third of patients. 

Obstruction may occur without duct dilatation (see below) and 
thus there is a false negative rate although, more recently, the 
reported sensitivity for the detection of choledocholithiasis has 
increased to over 80%. 178,179 These results are attributable to improve¬ 
ments in equipment and meticulous scanning technique. Further¬ 
more, the introduction of endoscopic ultrasound has demonstrated 
sensitivities of up to 97% in the detection of CBD stones 180 and, 
although invasive, has the advantage of improved sensitivity for 
stone detection. In cases of biliary duct dilatation, EUS is also accu¬ 
rate in diagnosing the cause of obstruction 181,182 in cases of stricture, 
neoplasm and other, extra-ductal causes of obstruction relating to 
the ampulla and head of pancreas. EUS is considered a safe and 
useful technique for selecting patients for therapeutic ERCP, allow¬ 
ing many patients to avoid the potential complications of a purely 
diagnostic ERCP. 183 


Bile duct dilatation 


The ultrasound diagnosis of obstructive (surgical) jaundice depends 
upon the detection of bile duct dilatation. 

Within the liver, the normal non-dilated small bile ducts are 
difficult to visualise on ultrasound. The larger main right and left 
bile ducts can be identified as tubular structures running 
anterior to and parallel with the right and left branches of the portal 
vein and measure up to 2 mm in diameter in the non-dilated 
system (Fig. 14.65). 184,185 The diameter of the normal common duct 
at the porta hepatis should be less than 5 mm, 186,187 increasing 
slightly (less than 6 mm) as the duct runs caudally in the free edge 
of the lesser omentum 188 and within the head of the pancreas. 

The diameter of the non-obstructed duct does increase with age 189 
or if there has been previous obstruction. 190 The dilated preopera¬ 
tive duct returns to a normal diameter in 75% of patients following 


removal of the stone, but may remain 'baggy' and mildly dilated 
in around 25% of cases. 191 

Dilatation of the intrahepatic bile ducts is usually most appar¬ 
ent near the porta hepatis if the obstruction is in the common 
duct, with dilatation of the left hepatic ducts often being more 
noticeable than those in the right lobe in the early stages of 
obstruction. The ultrasound appearances of dilated ducts have 
been variously described as the 'parallel channel' 192 and 'double- 
barrelled shot-gun' 193 signs, which depend upon the bile ducts 
dilating to become equal to or greater than the diameter of the 
adjacent portal vein branch. (When scanned along their long axes, 
these structures are seen as two parallel channels, while in cross- 
section the appearance is apparently reminiscent of looking into a 
double-barrelled shot-gun) (Fig. 14.66). When the parallel chan¬ 
nels occur in a fatty liver the outer walls may be masked by the 
high reflectivity of the liver parenchyma. In this case all that is 
seen is the interface between the vein and duct, giving rise to the 
'stylet' sign (Fig. 14.66B). 194 Care should be taken, however, not to 
confuse biliary duct dilatation with the 'double channel' of a 
thrombosed portal vein in portal hypertension, and consequent 
increased diameter of the hepatic artery. Careful examination of 
the main portal vein should establish if it is thrombosed, and 
whether the artery is dilated. Colour Doppler will differentiate 
the main artery from the portal vein, but will not, of course, dis¬ 
tinguish a thrombosed portal vein and a dilated bile duct, neither 
of which demonstrates flow. 

When scanning a patient with dilated intrahepatic ducts, there is 
often an immediate overall impression of 'too many tubes' in the 
liver. These tubes do not correspond to hepatic arteries or portal 
veins, and must be bile ducts (Fig. 14.67). 195 The nature of the 
branching pattern of the intrahepatic bile duct system is such that 
when dilated, the ducts are seen to converge together, giving a 
characteristic 'stellate pattern'. This is in contradistinction to the 
branching pattern of the portal veins which have a more orderly 
arrangement whereby the peripheral branches all take origin from 
the main right and left branches (Fig. 14.68). 196 

Finally, the fluid in the dilated bile ducts is clear bile and 
ultrasound is transmitted without attenuation. When, as is usual, 
the time gain compensation is set to compensate for the liver's 
attenuation, there will be increased through transmission of 
sound (enhancement) beyond dilated ducts (Fig. 14.69). This is 



Figure 14.65 A: Normal intrahepatic bile duct. Right hepatic duct (arrow) seen running anterior to right branch of portal vein. B: A different 
case demonstrating a dilated CBD (callipers) with branching dilated intrahepatic ducts. 
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Figure 14.67 Dilated intrahepatic bile ducts - ‘too many tubes’ 
within the liver. 


often disadvantageous in the clinical situation when the patchy 
enhancement beyond the dilated bile ducts so disturbs the normally 
uniform echo pattern of the liver parenchyma that it becomes 
impossible to diagnose small metastatic lesions with confidence. 

Obstruction without dilatation 

Unfortunately, complete reliance upon the ultrasound detection of 
duct dilatation to detect obstruction will lead to a false negative 
diagnosis in some cases since it has been well documented that 
obstruction may occur without dilatation. 197-200 

If the obstruction is of recent onset, the ducts may not have had 
time to dilate despite the onset of jaundice. 201 Rescanning after an 
interval of a couple of days may well detect these cases, and is 
recommended if the ultrasound findings do not fit with the clinical 
impression. 

It is possible to detect stones in non-dilated ducts on ultrasound, 
but a negative scan in suspicious clinical circumstances should lead 
to further investigations such as CT scanning or direct cholangiog¬ 
raphy via the percutaneous transhepatic or endoscopic retrograde 
routes. 179 


Other causes of obstruction without dilatation are encasement 
of the common duct by tumour 199 or fibrosis of the duct wall as 
in sclerosing cholangitis, 172,202 and in cases of chronic hepatitis or 
cirrhosis dilatation of intrahepatic ducts may be impossible due to 
rigidity of the surrounding liver parenchyma. 

MRCP (Fig. 14.70) is a reliable, accurate and relatively non- 
invasive method of evaluating the biliary tree and can demon¬ 
strate biliary strictures in patients with undilated ducts on 
ultrasound. 203,204 

Dilatation without jaundice 


Ultrasound detection of biliary dilatation may precede the onset of 
clinically detectable jaundice. 205,206 This situation may occur in 
several different clinical settings: (a) when segments of the intrahe¬ 
patic biliary tree are obstructed by tumour while other parts remain 
unobstructed; (b) when there are stones in the common duct causing 
a ball-valve effect, the intermittent relief of obstruction allows clear¬ 
ance of the bile so that jaundice may not develop; (c) in chronic 
incomplete or slowly progressive obstruction such as may be 
caused by tumour in the head of pancreas or chronic pancreatitis, 
the wider extrahepatic portions of the biliary tree dilate more, in 
keeping with Laplace's law. 

These pathological conditions must be differentiated from the 
non-pathological dilatation of the common duct with increasing 
age 207 and from post-cholecystectomy dilatation. However, it should 
also be noted that while the serum bilirubin may not be elevated, 
so that the patient remains anicteric, the serum level of alkaline 
phosphatase is more sensitive and will almost always be raised if 
the duct dilatation is pathological, and this finding should aid the 
decision to proceed to CT scan or MRCR 

Rapid changes in duct diameter 


The diameter of the common duct may respond rapidly to both 
physiological and pathological changes in intraductal pressure 207-209 
and thus the ultrasound measurement of duct calibre at any one 
moment of time may not convey the entire picture. The walls of the 
extrahepatic ducts are composed mainly of elastic fibres and con¬ 
nective tissue with little or no smooth muscle. 210 The stretch poten¬ 
tial of the elastic fibres permits duct dilatation while the elastic 
recoil of the fibres is responsible for return of the duct to normal 
size after relief of an obstruction. 
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Figure 14.68 A: Dilated intrahepatic bile ducts near the periphery of the liver form a ‘stellate branching pattern’. B: Colour Doppler 
demonstrating the dilated duct (no flow) next to the normal portal vein (in red.). 



Figure 14.69 Dilated intrahepatic bile ducts. A: ‘Enhancement beyond dilated ducts’. B: Duct dilatation with posterior enhancement 
results in a ‘patchy’ echotexture within liver which can be difficult to interpret. 


An increase in the volume of bile within the biliary system will 
result in increased intraductal pressure and the common duct will 
dilate. 211 The bile volume is controlled by the balance between bile 
production (choleresis) and bile outflow, which is itself controlled 
in health by the tone of the sphincter of Oddi and the reservoir 
function of the gallbladder. 

After cholecystectomy, a choleresis may so stress the capacity of 
the common duct that marked dilatation may result. This would be 
particularly liable to occur in 'floppy' ducts which have been subject 
to previous obstruction and dilatation. 

It is also apparent that an abrupt increase in bile duct volume 
caused by the injection of contrast medium into the bile duct at 
cholangiography may result in transient dilatation, and an assess¬ 
ment of duct diameter that is significantly discrepant from the pre¬ 
ceding ultrasound scan. 209,212 


Gallbladder distension 

Courvoisier's law states that, 'if in a jaundiced patient the gallblad¬ 
der is enlarged, it is not a case of stone impacted in the common 
duct, for previous cholecystitis which existed when the stone was 
in the gallbladder, must have rendered the gallbladder fibrotic and 
incapable of dilatation'. 213 We now know that, as with all rules in 
medicine, there are many exceptions to this law. Stones can form 
de novo in the common duct, leaving the gallbladder wall in pris¬ 
tine condition, there may be double impaction of stones when the 
stone in the cystic duct causes a distended gallbladder and the stone 
in the common duct causes jaundice (Fig. 14.71), or there may be a 
pancreatic calculus impacted at the ampulla obstructing both bile 
and pancreatic ducts. 






Bile duct pathology 







Figure 14.71 

Choledocholithiasis. A: 

Distended gallbladder (gb) 
due to (B) a stone obstructing 
the common duct (CBD) 
(arrow). C: Confirmed on 
ERCP prior to stone removal. 




o 
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However, whenever duct dilatation is encountered, it is useful to 
assess the degree of distension of the gallbladder as this may offer 
a clue to the level of the obstructing lesion. A distended gallbladder 
suggests a low common duct obstruction, while a contracted gall¬ 
bladder is consistent with obstruction above the level of the cystic 
duct insertion. But the possibility of dual pathology must always 
be considered, and the gallbladder findings must be regarded as 
supportive rather than of primary importance. 

Choledocholithiasis 


Sensitivity rates for the detection of stones in the bile duct 
are around 75-82% 214-216 with careful percutaneous scanning tech¬ 
niques and good equipment resolution. This is increased up to 94% 
with EUS. 183 

Choledocholithiasis occurs in approximately 15% of patients with 
stones in the gallbladder, 217 but may also occur in the absence of 
cholelithiasis, and may be found in as many as 4% of post¬ 
cholecystectomy cases, 218 many of whom will present with abdomi¬ 
nal symptoms without jaundice. 190 

The classic clinical presentations of choledocholithiasis include 
biliary colic, jaundice and fluctuating fever - Charcot's triad. 
However, one or more of these components is often absent, 
the clinical features depending upon the varying degrees of bile 
duct obstruction, inflammation and infection present in any indi¬ 
vidual case. 

There are several explanations for the persistently lower sensitiv¬ 
ity of ultrasound in the diagnosis of choledocholithiasis: 

1. Gas in the first and second parts of the duodenum may 
obscure the common duct, which accounts for the finding 
that stones in the proximal portion of the duct are very 
much more often detected than stones in the distal portion 
(Fig. 14.72). 214 

2. Lack of dilatation of common ducts that contain stones, even 
in the presence of obstruction is now well recognised 199,200 and 
may occur in as many as 25% of acutely obstructed ducts (Fig. 
14.73). 219 Explanations for this phenomenon include the 
so-called 'ball-valve effect' whereby the intermittent nature of 
the obstruction prevents the intraductal pressure from rising 
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sufficiently to cause duct dilatation, and the 'temporal lag' 
between onset of obstruction and onset of dilatation. 201 

3. The absence of a bile pool around stones in the duct impairs 
the ability of the ultrasonographer to spot the stones. The 
contrast between the reflectivity of solid stone and the 
echo-free nature of fluid bile that is so useful in the diagnosis 
of stones in the gallbladder is not present when the stones are 
in direct contact with the highly reflective walls of the duct 
and the adjacent gas-containing bowel. A particularly 
embarrassing situation can arise when the duct is absolutely 



Figure 14.72 Choledocholithiasis. Stones in the dilated common 
duct casting acoustic shadows (arrows). 



Figure 14.73 Stone in non-dilated duct. A: A stone is present at the lower end of the normal calibre CBD. Note the shadowing from 
the stone is difficult to recognise due to the close proximity of bowel. B: MRCP of the same case demonstrating the stone in the non- 
dilated duct. 
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full of stones, giving rise to a highly reflective structure with 
distal acoustic shadowing which is misdiagnosed as bowel 
gas (Fig. 14.74). 

4. As many as 10% of common duct stones may lack a distal 
acoustic shadow, 220,221 especially when the stones are at the 
lower end of the duct (Fig. 14.75). This phenomenon may be 
due to the differing composition of common duct stones (as 
compared to gallbladder stones), and indeed some are merely 
conglomerations of soft sludge, or to technical factors such as 
gain settings, transducer frequency and focusing, and 
reflection/refraction of sound by the curved walls of the duct. 
Non-shadowing stones in the duct cannot be distinguished 


from other intraluminal pathology such as blood clot, tumour 
or parasitic infection. 

5. Gas in the bile duct may give ultrasound appearances 

identical to those of stones, i.e. high reflectivity and acoustic 
shadowing emanating from within the duct lumen (Fig. 

14.76), and may obscure the presence of stones. The gas is 
usually widely distributed throughout the intrahepatic biliary 
ducts and thus the nature of the problem should be apparent 
to the sonographer. However, the increasing incidence of 
endoscopic sphincterotomy severely restricts the usefulness of 
ultrasound in searching for retained stones after surgical or 
endoscopic procedures. 



Figure 14.74 Stones filling the lumen of the common duct (A) casting a posterior acoustic shadow(s). B: Shadows from a row of 
stones within the right intrahepatic bile duct. 



Figure 14.75 No shadowing from stones within the common duct. A: Stone (arrow) in the lower duct. B: MRCP of patient in A, 
confirming stones at the lower end of the duct. 
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Developments in equipment and transducer technology do 
permit the demonstration of small stones within minimally dilated, 
or even normal calibre ducts, as long as meticulous scanning tech¬ 
nique is employed. It is important to scan the common duct in both 
longitudinal and transverse scan planes (Fig. 14.77), to be prepared 
to employ various patient positions, including decubitus with right 
side raised (Fig. 14.78), as well as upright and semi-upright posi¬ 
tions, and to use water in the stomach and duodenum, all in an 
effort to demonstrate pathology in the common duct. An important 


clue to a calculous aetiology of biliary obstruction is the dispropor¬ 
tionate dilatation of the extrahepatic biliary tree in comparison to 
the intrahepatic ducts. When this is noted, the search for a calculus 
should be even more diligent. However, despite all these efforts, 
approximately 30% of common duct stones will be missed - mainly 
due to impaction in the lower end of the common duct where they 
are hidden by the duodenum (Fig. 14.79). MRCP and EUS are 
helpful in demonstrating ductal stones in the presence of a negative 
percutaneous ultrasound and continuing clinical suspicion. 222 



Figure 14.76 Gas in the intrahepatic bile ducts showing highly 
reflective echoes coinciding with the course of the bile duct, with 
reverberative shadowing posteriorly. 


CBD. 



Figure 14.78 Stone in the common bile duct. Stone seen in 
duct obscured by duodenum supine, but demonstrated with the 
patient right side raised. 




Figure 14.77 Stone in the lower end of the common bile duct. A: Stone (with posterior shadowing identified) within the lower end of 
common duct. B: Confirmed on MRCP. 
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Figure 14.79 Stone in the common bile duct. Stone (callipers) 
impacted within the lower end of the common duct, just above the 
level of the duodenum. 


The importance of a good quality scan in trained hands is empha¬ 
sised, as this may increase the sensitivity of percutaneous ultra¬ 
sound to 82%. 216 

Bile duct neoplasms 


Benign tumours of the bile ducts are all extremely rare, and include 
papillomas, adenomas, cystadenomas and granular cell myoblasto¬ 
mas. 220,223-226 Papillomas and solid adenomas appear as solid, 
non-shadowing intraluminal masses, while cystadenomas are mul- 
tiloculated cystic masses which usually occur in young females. 
These latter originate from the bile duct epithelium but usually do 
not communicate with the biliary tree. The differential diagnosis 
includes echinococcal cysts, cystic metastases, abscesses, partially 
liquefied haematomas and hepatic artery aneurysms. 

Primary malignant tumours of the bile ducts - cholangiocar- 
cinomas - are much more common than benign tumours and 
their incidence is increasing 227,228 particularly in cases of chronic, 
cholestatic diseases 229 which contribute to the rise in incidence in 
the Western world. They may develop at any level within the biliary 
tree, and when they involve the confluence of the left and right 
hepatic ducts at the porta hepatis they are referred to as Klatskin 
tumours, following his original description in 1965. 230 

The ultrasound features of cholangiocarcinomas have been well 
documented, 231-238 although the frequency with which these signs 
are detected varies greatly depending upon the site and size of 
the tumour. Intrahepatic tumours are frequently isoechoic with the 
background liver, making them difficult to locate unless accompa¬ 
nied by focal intrahepatic duct dilatation. Dilatation of the biliary 
tree can be followed down to the point of obstruction where it may 
be possible to detect a solid poorly reflective mass, which, if large 
enough, can be seen to have a heterogeneous internal echo pattern 
and ill-defined margins (Fig. 14.80). 

Occasionally an intraluminal mass is detected (Fig. 14.81), while 
in other cases thickening of the walls of the bile duct may be the 
only evidence of a tumour (Fig. 14.82). These ultrasound signs are 
a direct representation of the gross pathology since these tumours 
can vary from large solid masses to lesions that infiltrate the sub¬ 
mucosa with a thickness of only a few millimetres, when they may 
be undetectable to both palpation by the surgeon and naked eye 



Figure 14.80 Klatskin tumour (arrows) obstructing the common 
duct. 



Figure 14.81 Cholangiocarcinoma - intraluminal mass (callipers) 
at the lower end of the dilated common duct. 



Figure 14.82 Cholangiocarcinoma - a stricture caused by 
tumour at the lower end of the common duct (arrows). 
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inspection by the pathologist. It is this latter form of cholangiocar- 
cinoma that presents on ultrasound as biliary dilatation without a 
detectable mass, possibly with some increased reflectivity and 
thickening of the duct wall, and is thus extremely difficult to 
diagnose. 


The ultrasound visibility of these tumours may increase after a 
biliary stent has been inserted (percutaneous or endoscopic) (Fig. 
14.83), and it is often then possible to visualise the lesion sufficiently 
well to permit ultrasound-guided confirmatory biopsy. However, 
cholangiocarcinomas have a fibrous nature making it difficult to 
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Figure 14.83 Cholangiocarcinoma A: A cholangiocarcinoma 
(callipers) is isoechoic with background liver, and is only 
demonstrated because of the right (RT) and left (LT) biliary duct 
dilatation. B: Another cholangiocarcinoma has become visible after 
insertion of a stent (open arrow). C: the area just proximal to focally 
dilated ducts probably represents a lesion (arrow), but is difficult to 
delineate on US. D: US contrast shows enhancement of the lesion 
in the arterial phase (arrows) and E: hypo-enhancement (arrows) in 
the sinusoidal phase. A cholangiocarcinoma was confirmed on MRI. 
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Figure 14.84 Cholangiocarcinoma. An intrahepatic 
cholangiocarcinoma occupying segment IV of the liver (arrows). 

This large lesion is almost isoechoic with the background liver, 
demonstrating a subtle alteration in echotexture and some dilatation 
of the intrahepatic ducts to the right of the tumour margin. 



Figure 14.85 Lymph node mass at porta hepatis (Hodgkin’s 
disease). 


obtain samples adequate for cytological confirmation via fine- 
needle aspiration, so that a cutting biopsy for a histological sample 
is often necessary 

Ultrasound may provide additional information in the diagnosis 
of cholangiocarcinomas, although it tends to under-diagnose 
the extent of large lesions. Contrast ultrasound can provide a more 
accurate picture of the extent and potential operability of the 
lesion (Fig. 14.83C-E). Direct invasion to involve surrounding struc¬ 
tures such as the portal vein, hepatic artery and liver substance, as 
well as metastatic spread to regional lymph nodes, are all demon¬ 
strable on ultrasound (Fig. 14.84). However, the demonstration 
of extrahepatic spread is limited with ultrasound, and helical 
CT, MRCP and, more recently, PET-CT, can improve the 
accuracy of staging in patients with cholangiocarcinoma prior to 

239 

surgery. 

As well as metastasising to the liver, cholangiocarcinomas may 
be multifocal and may be indistinguishable from hepatic metastatic 
disease on ultrasound, and from sclerosing cholangitis on cholangi¬ 
ography due to the multiple strictures in the biliary tree. 


Other tumours obstructing the bile ducts 


Biliary ducts may be obstructed by intrahepatic tumour, enlarged 
lymph nodes at the porta hepatis, carcinoma of the head of the 
pancreas and ampullary tumours. 

The lymph nodes at the porta hepatis are not usually demonstra¬ 
ble on ultrasound scans unless enlarged. Because of their proximity 
to the confluence of the right and left hepatic ducts and their dis¬ 
tribution along the length of the common duct, the bile ducts may 
be compressed and obstructed by lymphomatous or metastatic 
disease in the nodes. The nodal nature of a mass at the porta hepatis 
is usually obvious on ultrasound by carefully observing the 
interfaces that indicate that the tumour is composed of several 
discrete masses and, whilst it is true that lymphoma usually results 
in large nodes that are particularly poorly reflective, biopsy is 
required for accurate distinction between lymphoma and metas- 
tases (most frequently from colon, stomach, pancreas and breast) 
(Fig. 14.85). 

Enlargement of the head of the pancreas, whether due to inflam¬ 
mation or malignancy, may compress the lower end of the common 


duct as it traverses the gland prior to entering the duodenal papilla. 
Acute pancreatitis may cause transient extrahepatic duct dilatation 
but usually does not result in intrahepatic duct dilatation (Fig. 
14.86), whereas the fibrous stricturing of the common duct of 
chronic pancreatitis may be indistinguishable from malignant 
disease both on ultrasound and at surgery. Carcinomas of the head 
of the pancreas are characteristically hypoechoic, solid masses into 
which the dilated common duct can be followed (Fig. 14.87). Detec¬ 
tion of coexistent pancreatic duct dilatation provides useful con¬ 
firmatory evidence of pancreatic pathology, and 'ultrasonic double 
duct dilatation' may be caused by chronic pancreatitis, impacted 
pancreatic and biliary calculi, and ampullary carcinoma, as well as 
by pancreatic carcinoma. Ultrasound is highly sensitive for duct 
dilatation but has less specificity than the ERCP sign of 'double duct 
obstruction', which is almost invariably due to pancreatic carci¬ 
noma (Fig. 14.88). 

Ampullary carcinoma is difficult to identify on ultrasound. The 
findings of dilatation of the common duct with a normal head of 
pancreas should raise the suspicion of this tumour, especially if pan¬ 
creatic duct dilatation is also detected. The diagnosis must be 
made endoscopically, and it is important that it is not overlooked, 
since these tumours often present early with jaundice (due to their 
strategic location) and radical surgery may offer a good chance 
of cure. 


Choledochal cysts usually present in children or young adults, and 
are discussed more fully in Chapter 69. The ultrasound appear¬ 
ances are usually of massive cystic dilatation of the extrahepatic 
common duct, although the main intrahepatic ducts may be 
affected. 240-243 The underlying anomaly is thought to be an abnor¬ 
mal insertion of the common duct into the distal pancreatic duct, 
resulting in reflux of pancreatic secretions into the common duct 
that cause fibrotic structuring and obstruction to the biliary 
tree. 244,245 The condition is more common in females and East 
Asians and presents with jaundice, fever and pain (due to cholan¬ 
gitis) with a palpable right upper quadrant mass (Fig. 14.89). As 
well as recurrent cholangitis, complications include stone forma¬ 
tion with progression to biliary cirrhosis and portal hypertension 


Choledochal cysts 
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Figure 14.86 Dilated common duct due to acute pancreatitis. A: Longitudinal scan. B: Transverse scan showing the oedematous, 
inflamed pancreas. 
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Figure 14.87 Dilated common duct due to pancreatic carcinoma. A: Longitudinal scan showing dilated common and hepatic ducts. 
B: Transverse scan showing the dilated CBD (arrow) in the head of pancreas with a dilated pancreatic duct (callipers). 


and an increased incidence of cholangiocarcinoma. The differential 
diagnosis includes other fluid-filled masses such as hepatic cyst, 
pancreatic pseudocyst, enteric duplication, hepatic artery aneu¬ 
rysm 246 and echinococcal disease (Fig. 14.90). Confirmation of the 
diagnosis may be obtained from 99m Tc-HIDA scintigraphy, when 
excretion of radioactivity into the cyst will confirm its continuity 
with the biliary system. 

Caroli’s disease 


Caroli's disease - congenital dilatation of the intrahepatic bile 
ducts, 247 otherwise known as communicating cavernous ectasia of 
the intrahepatic ducts 248 - is an autosomal recessive disorder in which 
ultrasound scanning reveals multiple cystic spaces throughout the 


liver substance (Fig. 14.91). 249-250 These 'cysts' represent non¬ 
obstructive saccular dilatation of the intrahepatic biliary tree, 251 
which can be demonstrated on CT, percutaneous cholangiography, 
ERCP or MRCP. The extrahepatic bile ducts are usually unaffected. 
Stones may form within the cysts or dilated ducts, giving rise to 
cholangitis which may progress to the formation of pyogenic liver 
abscesses. There may be an association with renal tubular ectasia 
or other forms of cystic disease of the kidney, and there is a rather 
uncertain relationship to congenital hepatic fibrosis in which there 
is bile duct proliferation and multiple strictures with proximal 
cystic dilatation 252 - also in association with renal cystic disease, 
usually of the infantile polycystic type. Caroli himself classified the 
condition into two types: the pure form without hepatic fibrosis or 
portal hypertension, and a second type associated with congenital 
hepatic fibrosis. 253 
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Figure 14.88 Double duct obstruction due to pancreatic carcinoma. A: Dilatation of the common bile duct in the liver. B: Dilatation 
of the pancreatic duct (arrow). 



Figure 14.89 Choledochal cyst. A: Longitudinal scan (arrow). B: Transverse scan showing aneurysmally dilated common duct with no 
intrahepatic duct dilatation. Callipers are shown across the normal calibre proximal duct, leading into the choledochal cyst. 


The differential diagnosis includes severe biliary dilatation due 
to any of the other causes of biliary obstruction, polycystic disease 
of the liver (in which the cysts do not communicate with the bile 
ducts or each other) and congenital hepatic fibrosis. Other non- 
invasive imaging tests, such as 99m Tc-HIDA scanning, may help in 
diagnosis, 254 but, as alluded to above, it has been speculated that 
Caroli's disease, polycystic disease and congenital hepatic fibrosis 
are all parts of the same spectrum, 255 and hence MRCP or CT may 
be needed for a specific diagnosis. The condition may sometimes 
be lobar, affecting only part of the liver, in which case surgical 


resection is appropriate, but in cases of the diffuse form, transplan¬ 
tation may be considered curative. 


Recurrent pyogenic cholangitis, also known as oriental cholan- 
giohepatitis, is endemic in southeast Asia but now occasionally 
recognised in Western societies, particularly amongst the Asian 


Oriental cholangiohepatitis 
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population. 256 It is characterised by recurrent attacks of cholangitis, 
due to peribiliary fibrosis which causes biliary duct strictures, and 
is caused by the adult worms of the Clonorchis sinensis liver fluke 
which are ingested by humans in raw freshwater fish. However, the 
parasites are not found in all patients with the clinical condition, 
and some authorities question the causal relationship. 

The ultrasound features consist of massively dilated bile ducts 
with multiple strictures, the common duct being most frequently 
involved, followed by left, then right hepatic ducts. The parasites 
may be identified within the ducts 255 and also within the gallblad¬ 
der. 257 There are often bilirubinate stones within the ducts; these are 
often soft and sludge-like. In most patients there is secondary bacte¬ 
rial infection with E. coli in the bile. Gas-forming organisms may 
result in pneumobilia and there is an increased incidence of cholan- 
giocarcinoma - presumably as a result of chronic irritation leading 
to dysplasia. As the disease progresses, with recurrent attacks of 
cholangitis, biliary cirrhosis with portal hypertension may result. 256 
All these pathological processes result in a complex ultrasono¬ 
graphic picture, 257-259 and although ultrasound may be of consider¬ 
able value in screening for the disease and in suggesting the 


diagnosis, further imaging including MRCP, CT or cholangiogra¬ 
phy may be needed for full evaluation. 

Biliary ascariasis 


The Ascaris lumbricoides roundworm is an extremely common cause 
of biliary pathology worldwide. The worms infest the small bowel 
but can migrate up the common bile duct and may enter the gall¬ 
bladder and the intrahepatic ducts. Biliary colic is common, while 
jaundice, ascending cholangitis and parasitic liver abscesses occur 
occasionally. 

The characteristic ultrasound appearance is of single or multiple 
reflective, linear or curved intraductal structures, usually non¬ 
shadowing. These may produce a spaghetti-like appearance due to 
the central echo-free digestive tract of the worm. 260,261 Movements 
of the worms in the common duct and gallbladder may be observed 
using real-time ultrasound (Fig. 14.92). 262 The diagnosis is con¬ 
firmed by isolating the worms or their eggs from the stool, and 
medical treatment is usually effective in eradicating the infestation. 



Figure 14.90 Hepatic artery aneurysm (a) obstructing the 
common bile duct (CBD). Transverse scan. Note the low level 
echoes within the aneurysm due to blood clot in this case. 



Figure 14.92 Ascaris worm in biliary tract. Oblique view of 
common hepatic duct showing the typical ‘tramline’ appearance of 
Ascaris in the duct. 



Figure 14.91 Caroli’s disease. A and B: Cystic dilatation of the biliary tree in a child, subsequently shown to be Caroli’s disease. 
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Sclerosing cholangitis 


Sclerosing cholangitis is a progressive, cholestatic disease which 
can lead to hepatic cirrhosis. It predominantly affects young men 
and it may be idiopathic or associated with inflammatory bowel 
disease. Histologically there is non-specific inflammation of bile 
duct walls. Ultrasound findings may demonstrate dilatation of the 
intrahepatic bile ducts which may be confined to one or more seg¬ 
ments or lobes, depending on the anatomical location of the stric¬ 
tures 263 but this is not invariable, due to the stricturing of the ducts, 
preventing dilatation. The extent of intrahepatic biliary strictures 
can be more comprehensively demonstrated on MRCP. Mural 
thickening of the common duct, 202 and increased reflectivity of the 
portal tracts are also ultrasound features associated with cholangi¬ 
tis, although these are non-specific for sclerosing cholangitis (Fig. 
14.93). There is an increased incidence of cholangiocarcinoma, espe¬ 
cially in the advanced stages of the disease, and care should be 
taken to examine the proximal region of any focal duct dilatation 
for an obstructing mass. 
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INTRODUCTION 


Intraoperative ultrasound (IOUS) provides dynamic real-time 
imaging with an immediate impact on the surgical approach to 
predominantly oncological solid organ disease. The liver, bile 
ducts, pancreas, adrenal glands and kidneys are all particularly 
suited to intraoperative ultrasonic interrogation. Improved disease 
staging can be made with a view to resection and/or ablation, at 
the same sitting. 

The diagnostic superiority and superb anatomical demonstration 
provided by IOUS is facilitated by direct transducer contact with 
the organ of interest. The lack of subcutaneous tissue reduces 
artefact and attenuation, and the subsequent decreased need for 
penetration affords the use of a much higher frequency than that 
used for percutaneous scanning, resulting in very high-resolution 
imaging (Fig. 15.1). 

IOUS is established as the gold standard imaging for assessing 
the liver during planned resections for primary malignancy and 
metastatic disease. 1 Its dominance is based on an improved detec¬ 
tion rate over preoperative imaging for focal liver lesions, and 
demonstration of essential real-time anatomy for the operating 
surgeon. 2,3 These factors are said to modify the surgical approach 
in up to 51% of planned liver resection cases. 4 

Despite this impressive pedigree, these figures are based on 
somewhat historical evidence. With improved preoperative 
imaging modalities and techniques such as contrast-enhanced 
magnetic resonance imaging (MRI), the improved lesion detection 
rate of IOUS is undoubtedly diminished. 5 Nevertheless intra¬ 
operative hepatic vascular anatomical demonstration with depic¬ 
tion of suitable dissection planes remains an unquestionable 
advantage. 

Technological developments in ultrasound continue to improve 
the diagnostic potential of surgical ultrasound, and to widen its 
applications. Laparoscopic ultrasound has traditionally been asso¬ 
ciated with biliary surgery, in particular the imaging of the common 
bile duct during cholecystectomy. It is also now established as an 
essential adjunct to minimally invasive surgery of the liver with 
promising results 6 and is starting to play an increasing role in renal 
surgery. Further groundbreaking developments include the intra¬ 
operative use of ultrasound contrast agents. Remarkable early 
results have shown improved IOUS lesion detection for metastatic 


disease, and better characterisation of focal lesions in the cirrhotic 
patient undergoing resection for hepatocellular carcinoma. 7,8 

Intraoperative imaging is arguably the most exciting and chal¬ 
lenging utilisation of sonography. Direct benefits to patient care 
include improved disease staging and guidance for surgery, imme¬ 
diate assessment of resection margins and specimens, reduced 
blood loss and shortened operating times. 

Special considerations must, however, be given to the modified 
equipment and techniques needed to safely maximise the inherent 
advantages of direct contact transducer imaging. 


EQUIPMENT AND TECHNIQUES 


Radiologists and sonographers have not universally taken up the 
challenge of IOUS provision. Reasons cited include too much time 
away from the radiology department and the unpredictable timing 
of surgical cases. 

Many centres rely on the acquired expertise of the operating 
surgeon. There is no doubt that surgeons can become proficient at 
scanning organs within their field of interest, with suitable training 
and practice. They often, however, do not have the familiarity or 
experience with sonography that enables their radiological col¬ 
leagues to fully optimise the imaging potential of the available 
equipment 9 and in centres where surgery can be planned and 
organised with radiology support, there are advantages to a 
radiology-based service due to comprehensive ultrasound training, 
image optimisation and interpretation. 

Discussion in the literature of standard presets for depth of field, 
location of focal zones, scan orientation and image zoom settings 
for surgeon-led image acquisition suggests that there is indeed still 
an important role for the sonologist. 10 

Practical steps to assist the sonologist to minimise time away from 
the radiology department have been proposed. Pre-booking IOUS 
cases, advanced notice of a case on the day, sonologists wearing 
surgical attire in preparation, and having an ultrasound machine 
already set up in theatre have been advocated. 11 

Equipment 


In the past, surgical ultrasound machines, which must be small and 
mobile, have suffered from inferior imaging capabilities. This was 
largely mitigated by the use of high-frequency probes. However, 
technological developments have enabled smaller machines to offer 
imaging of much higher quality, with consequent benefits to intra¬ 
operative imaging. 

The choice of ultrasound transducer is important. Transducer 
frequencies for IOUS are typically higher than those chosen for 
percutaneous scanning. Modern broadband probes operate at fre¬ 
quencies of around 6-8 MHz, which gives good resolution with 
adequate penetration through most livers. 9 

The transducer shape is due to individual choice and depends on 
the work predominantly performed. Both curvilinear and linear 
arrays are commercially available. The linear probe is frequently 
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used to scan organs such as the pancreas and bile ducts, when good 
line density can be achieved throughout the field. Curved arrays 
are particularly useful for liver scanning when a wider field of view 
is required. Many electronic linear arrays have a beam steering 
facility which allows the field of view to be converted into a 'trap¬ 
ezoid' shape for hepatic imaging. 

T-shaped or side-fire probes are specifically designed for scan¬ 
ning organs such as the liver where access to the dome may be 
limited even after surgical mobilisation. Ergonomic design allows 
a comfortable grip between the fingers (Fig. 15.2). End-fire probes 
can also be used when more space is available within the abdominal 
cavity, or when larger resection specimens are removed and 
scanned separately. Doppler imaging functions are also now 



Figure 15.1 IOUS using a curved array high-frequency 
transducer. The liver with the middle hepatic vein is demonstrated. 
A metastasis is breaching the vein wall. 


routinely available in IOUS transducers, enabling vascular patency 
to be established during transplant and resection, and allowing 
thrombus to be located during surgical resection procedures. 

Transducers with pulse inversion harmonic imaging capability 
are required for contrast-enhanced IOUS (CE-IOUS). 

The design of a laparoscopic ultrasound probe is constrained by 
the 10-11 mm diameter of a standard laparoscopic port, through 
which access to the abdominal cavity is gained (Fig. 15.3). Neverthe¬ 
less, laparoscopic probes have benefited from the technological 
improvements that have allowed the miniaturisation of established 
high performance linear and curved array transducers. A penalty 
is paid in terms of a reduced field of view, but longer crystal lengths 
(up to 4 cm) help reduce the scanning times of larger organs. 12 As 
with standard transducers, broadband probes which operate at 
5-7 MHz are useful for organs such as the liver, and probes of 
7.5-10 MHz are suited to imaging the common bile duct, pancreas 
and kidneys. Modern laparoscopic probes are designed to be flex¬ 
ible to assist with maintenance of good organ surface contact. 

Technique 


Scanning technique is tailored to the target organ and the individual 
patient, and it is always advisable to review preoperative imaging. 



Figure 15.3 A laparoscopic US probe with a linear array 
configuration. The probe is flexible in two planes by manipulating 
the control at the handle. 



Figure 15.2 IOUS probes. A: T probe. B: T shaped array. C: an end-firing array. D: A curved array - particularly useful for hepatic 
scanning with access to the dome of the liver. E: The back of the curved array is shaped to take the sonographer’s fingers. 
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Clinical applications 



Figure 15.4 IOUS, liver. A: The surface moisture of the organs enables the IOUS probe to be placed directly onto the surface of the liver. 
B: A small surface metastasis, not demonstrated preoperatively, is palpated and demonstrated on IOUS. 


or have it available on a viewing screen within theatre. It is impor¬ 
tant to have easily accessible, suitable preset programmes in the 
machine, which incorporate all the basic image optimisation func¬ 
tions, as once scrubbed up, it may be difficult to optimise the image 
unless a second ultrasound colleague is present. 

For most open surgical IOUS procedures it is sufficient to put a 
sterile probe cover over the clean probe. Sterile gel should be put 
inside the cover first, and the probe placed into the cover taking 
care to smooth any air bubbles from the probe face. As most probe 
covers tend to be relatively short, a second, sterile laparoscopic- 
style cover, which is longer and open at both ends, can be placed 
over the whole, allowing the cable to be covered and keeping the 
area sterile. 

The whole organ or region in question must be adequately 
imaged. A methodical approach is recommended with a slow 
sweeping motion over the organ surface in a controlled manner. It 
is sensible to overlap areas with scanning sweeps and to image both 
in sagittal and transverse planes. 1,10 Specific attention can be given 
to any lesions encountered, and image capture may be used for 
documentation and audit purposes. Contrast administration and/ 
or biopsy may be used to assist diagnosis, and ablation is among 
the options available for treatment. Specific reference to vascular 
anatomy is vital for the operating surgeon, and the Couinaud clas¬ 
sification for liver segmentation is used. 

IOUS can be seen as an extension of the bimanual examination 
of the organ, especially when considering the liver and pancreas 
(Fig. 15.4). Indeed studies have demonstrated that palpation alone 
can identify surface lesions missed by IOUS. 3,13 This results from a 
recognised limitation, whereby near-field lesions just below the 
liver capsule surface are inadequately imaged due to compression 
by the probe, or poor near-field focusing. Bathing the organ surface 
with sterile degassed saline can overcome this problem by utilising 
the water standoff principle. 1 However, the natural moisture found 
coating the abdominal organs is usually sufficient to provide acous¬ 
tic coupling (Fig. 15.4) and modern probes with good near-field 
focusing have improved the demonstration of near-field lesions. In 
cases when a tiny lesion can be palpated but not adequately visu¬ 
alised on IOUS, scanning from underneath the liver whilst identify¬ 
ing the lesion with a finger is useful. This can bring the lesion into 
the focal zone of the transducer, making location more successful. 

Laparoscopic ultrasound lacks the advantage of direct organ pal¬ 
pation, compounded by a lack of tactile stimulus feedback from the 
laparoscopic probe, and relies solely on imaging. The planes of scan 
are limited by the laparoscopic port and the flexibility of the probe. 
For small structures, such as ducts or superficial pancreatic nodules, 
a water standoff may be beneficial for assessing the near field. 


A split-screen viewing system with laparoscopic ultrasound 
images side by side laparoscopic camera views of the intra¬ 
abdominal probe position is advised. This is said to help prevent 
iatrogenic organ damage from overzealous probe manipulation. 12 

A methodical approach to scanning with a laparoscopic probe 
consists of numerous arching sweeps with the pivot fixed at the 
port site. This can be time-consuming compared to conventional 
open IOUS, but the benefits of an overall shorter operation time and 
faster patient recovery must be borne in mind. Laparoscopic ultra¬ 
sound is perhaps an area where the surgeon is at an advantage over 
his or her radiological colleague. Competent laparoscopic instru¬ 
ment manipulation necessitates an operator learning curve. The 
surgeon will be comfortable with this technique, but a number of 
training simulators and courses are available to the enthusiastic 
sonologist. 14 

A further consideration with laparoscopic ultrasound is the 
necessity for probe sterilisation, as unlike IOUS, the probe comes 
into direct contact with the patient. A number of sterilisation agents 
are discussed in the literature, including ethylene oxide gas, low- 
temperature hydrogen peroxide gas and glutaraldehyde solution. 1,8 
A suitable 'bath' long enough to accommodate the probe and cable 
is required, and care should be taken to avoid contact between the 
plug and cleaning fluid. 


CLINICAL APPLICATIONS 


Liver 


IOUS is most commonly performed to assess the liver during 
planned resection for primary or metastatic disease. It has a useful 
role in allowing targeted biopsy guidance if questionable lesions 
are encountered, and guiding thermal ablation procedures as part 
of treatment. It is also used to assess adult living-related donor 
liver, and is invaluable for providing vascular anatomical 
information to provide an operative roadmap for the surgical team 
(Fig. 15.5). 

Colorectal cancer is the third most common malignancy after 
breast and lung cancer, in the United Kingdom, a picture that 
mirrors much of the Western world. 15 Surgical resection is the only 
current hope of cure, with 5-year survival in up to 45% of patients. 16 
Only 10-20% of patients with colorectal metastases to the liver will 
be suitable for resection, although newer surgical techniques and 
chemotherapeutic regimes have helped increase the numbers of 
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Figure 15.5 The relationship of a metastasis (arrow) to the 
left hepatic vein (LHV) is demonstrated on IOUS prior to 
resection. 



those eligible. 17 It is imperative that every effort is made to identify 
all suspicious liver lesions in patients who are put through the 
considerable morbidity of major hepatic surgery The prognosis 
and chance of curative resection is clearly better in patients with a 
low bulk of disease and/or lesions that are confined to a relatively 
small number of segments. This enables a less complex procedure 
to be carried out and reduces postoperative morbidity. In patients 
with more widespread disease, a combination of resection and 
ablation may be necessary in order to render the liver disease free 
(Fig. 15.6). 

IOUS became established in the late 1980s and early 1990s as the 
gold standard imaging modality for assessing primary and meta¬ 
static disease of the liver with a view to resection. It had been 
consistently demonstrated that additional lesions could be identi¬ 
fied in up to 25-38% of patients, with a significant impact on surgi¬ 
cal planning. 2-4 New lesions do not always necessitate alteration to 
the surgical plan, however, especially if they lie within segments of 
the liver already marked down for resection. Nevertheless, demon¬ 
stration of vascular anatomy was, and still is, deemed invaluable 
for identifying surgical dissection planes. Even recent papers have 
suggested that IOUS provides a considerable pick-up rate for 
lesions missed on preoperative imaging. These studies often have 
percutaneous ultrasound or thicker slice single-phase computed 
tomography (CT) imaging as a preoperative baseline, rather than 
state-of-the-art imaging modalities and techniques. 18,19 It is also 



Figure 15.6 A: A metastasis close to the hepatic vein is planned for ablation. B: The ablation probe is guided to the lesion using IOUS. 

C: The tines of the RF ablation probe are deployed in the lesion. D: Small reflective air bubbles are discharged during the ablation process. 
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worth considering the delay between preoperative imaging and 
IOUS. Gaps of over 6 weeks are not unusual in some studies. 19 It 
may be that this delay accounts for the 'emergence' of some of the 
smaller lesions, rather than a true superiority of IOUS over preop¬ 
erative imaging. Nevertheless, this makes an important case for the 
use of IOUS in cases where delays between preoperative imaging 
and surgery cannot be avoided. 

Surgical planning is clearly dependent on preoperative imaging, 
and the emphasis on improving preoperative imaging is motivated 
by the desire to avoid offering patients a laparotomy, only to dis¬ 
cover that the volume of hepatic or extrahepatic disease encoun¬ 
tered precludes an attempt at curative resection. The evolution of 
laparoscopic assessment does not solve this problem, as a general 
anaesthetic and procedure is still obviously best avoided if unneces¬ 
sary. Significant progress has been made with improved lesion 
detection for both CT and MRI over the past 20 years. 

CT during arterial portography (CTAP) has been demonstrated to 
have a liver metastasis pick-up rate comparable to IOUS, with a sen¬ 
sitivity rate between 80 and 97%. 20-22 However, it is relatively inva¬ 
sive, with recognised risks of arterial dissection, groin haematoma 
and pseudoaneurysm formation. It also suffers from a high false posi¬ 
tive rate, which has the potential to overstage disease and potentially 
deny a patient a curative resection, and it has now been largely 
replaced by improvements in MRI techniques and hardware. 

MRI is easy to perform, does not involve radiation and is non- 
invasive, if you discount the peripheral intravenous injection of 
contrast medium. It has been shown to be as good at detecting liver 
metastases as CTAP with a lower false positive rate. 22 There has 
been some interest as to whether (with improved MRI scanner 
hardware and techniques) the improved detection of lesions with 
IOUS still holds true. A relatively recent paper acknowledging 
improved preoperative MRI indicated that IOUS still provided 
additional useful information for 47% of patients undergoing 
hepatic resection. 17 Surgical strategy was altered in 18% of patients 
based on IOUS findings alone. Identification of sub-centimetre 
metastatic lesions, lesion characterisation and demonstration of 
vascular anatomy are cited as major areas to which IOUS contrib¬ 
utes. Other groups comparing preoperative MRI and IOUS have 
shown less impressive differences, with IOUS changing the surgical 


plan in just 4-11.5% of patients. 5,23 However, many studies fail to 
take into account the operator and training dependence of ultra¬ 
sound, and the possible differences in ultrasound detection rates of 
different qualities and ages of ultrasound equipment, all of which 
have a potential impact on the accuracy of IOUS. Nevertheless, 
almost all comparative imaging studies conclude by advocating 
IOUS as the ultimate determinant of liver lesion quantity, charac¬ 
teristics and anatomical location. 

It is foreseeable that with continued improvements to MRI, the 
now minimal to moderate improved detection rate of IOUS over 
preoperative imaging will diminish further. The danger, however, 
is that this will become a self-fulfilling prophecy, with non¬ 
sonologists using IOUS with the sole purpose of identifying MRI- 
detected lesions, for characterisation and demonstration of anatomical 
relations. To prevent this scenario a dedicated complete survey of the 
liver by an experienced sonologist is advocated for every case. 

Almost all liver lesions missed on preoperative imaging are less 
than 1.5 cm in diameter. 20 High-resolution IOUS improves the 
detection rate at this range, but is by no means perfect. Substantial 
recurrence rates after partial resection indicate that small metas¬ 
tases are still missed by IOUS. 24 When considering the sensitivity 
and specificity of various imaging modalities, careful consideration 
must be given to the reference standard. This should be a detailed 
histopathological examination of the resected specimen. It will 
often be apparent, however, that resection specimens are laminated 
transversally in slices of 5 mm thickness for microscopic examina¬ 
tion. 24 Lesions smaller than 5 mm in diameter may still be missed 
by histopathological examination. 

Recently, ultrasound contrast agents have been found to improve 
the detection rate of metastases intraoperatively, in particular sub¬ 
centimetre lesions. 

Exciting early results have shown CE-IOUS to be significantly 
more sensitive (96.1%) than CT/MRI (76.7%) and conventional 
IOUS (81.5%) in detecting liver metastases with histopathology 
as a reference standard. 7 Ultrasound contrast agents are micro¬ 
bubbles of air or low solubility gas such as perfluorocarbons and 
sulphur hexafluoride. Metastases show variable contrast take-up 
in the arterial phase of contrast injection, but are universally 
hypo-enhancing in the sinusoidal phase (Fig. 15.7). Persistent 



Figure 15.7 A: Contrast-enhanced US demonstrates the hypo-enhancing nature of a metastasis during the sinusoidal phase of injection. 

Small, sub-centimetre lesions can now be seen (arrows). B: The normal background liver parenchyma has taken up contrast to become 
hyperechoic, increasing the contrast resolution between the three metastases (arrows) and normal liver. 
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Figure 15.8 A: A small metastasis (arrow) is almost isoechoic with the background liver. B: The sonographer’s fingers (F) palpate a small 
isoechoic metastasis (arrows) to locate it prior to guided open ablation. 


enhancement of the normal liver parenchyma in the late sinusoidal 
phase can last for several minutes with careful scanning, allowing 
a comprehensive sonographic survey to be performed. 7,25 Addi¬ 
tional lesions detected with CE-IOUS have been shown to have a 
median diameter of 0.8 cm. 7 

Size is not the only factor when considering liver metastases 
occult to traditional IOUS. Lesions that are isoechoic with back¬ 
ground liver are naturally more difficult to demonstrate (Fig. 15.8). 
Studies have shown that most liver metastases are hypoechoic, with 
a minority demonstrating isoechoic features. 10 It may simply be that 
small isoechoic lesions are not seen with conventional IOUS. Indeed 
it is estimated that half of all lesions less than 1 cm in size remain 
undetected with IOUS. 26 CE-IOUS allows for the detection of at 
least some of these problem lesions, because hypo-enhancement in 
the portal phase makes them stand out from the background liver. 
Further evidence is awaited, however. More recent data suggests 
that although new metastatic lesions can be identified, CE-IOUS has 
little added value in terms of lesion characterisation over CT and 
conventional IOUS. 24 

CE-IOUS has been shown to be of benefit for characterising liver 
nodules in the cirrhotic patient undergoing resection for hepatocel¬ 
lular carcinoma (HCC). The dilemma for the surgeon in these cir¬ 
cumstances is that a number of nodules may be present, with the 
majority representing regenerative nodules rather than dysplastic 
or HCC nodules. With CEUS, most HCCs exhibit rapid arterialisa- 
tion followed by sinusoidal hypo-enhancement. However, others 
may be relatively hypovascular with only minimal sinusoidal hypo- 
enhancement, and experience shows that variable contrast take-up 
patterns, together with the often subtle nature of late phase hypo- 
enhancement, can make it difficult to confidently characterise 
sub-centimetre lesions. However, characterisation of nodules with 
CE-IOUS has been shown to be useful, with histopathology con¬ 
firming that the majority of nodules with different enhancement 
patterns to background liver parenchyma (particularly arterial 
hyper-enhancement and early washout) were HCC nodules. 8,27 
Studies with longer-term follow-up of the regenerative nodules are 
required and further studies with demonstration of reproducibility 
by different centres would support such a classification system. 



Figure 15.9 A laparoscopic US image of an HCC, prior to 
US-guided ablation. 


Demonstration of a significant improvement over the information 
provided by preoperative imaging would also be needed to justify 
the potential but remote risks of the contrast agent. 

Hepatic resection surgery has seen success with minimally inva¬ 
sive techniques in large centres. 6,28,29 Laparoscopic US enhances 
initial laparoscopic disease staging, allows for laparoscopic targeted 
lesion biopsy, facilitates laparoscopic guided radio-frequency abla¬ 
tion (RFA) (Fig. 15.9) and guides minimally invasive liver resection 
depending on disease volume and location. Further specific roles 
include demarcation of surgical resection margins, vascular 
anatomy demonstration and of course, identification of occult 
lesions. Large studies have demonstrated the benefits of minimally 
invasive liver resection, achieving reduced overall operating time, 
reduced blood loss and transfusion requirements, reduced length 
of hospital stay and reduced complication rates compared to 
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Figure 15.10 A: During liver transplant, the main hepatic artery is established as patent with colour Doppler following anastomosis. 
B: Spectral trace of the artery demonstrating normal flow. 


equivalent open techniques. 6,28 Inability to bimanually palpate the 
liver probably places more emphasis on careful laparoscopic US 
technique, and longer-term follow-up results are awaited. 

IOUS is rarely required during liver transplantation, but still has 
a role in confirming the patency of vascular structures, such as the 
hepatic artery, following a difficult surgical procedure or when a 
level of doubt exists (Fig. 15.10). 

Pancreas 


Islet cell tumours with endocrine activity can present with pro¬ 
found clinical features when tumour volume is still very small. 
Insulinomas with recurrent episodes of hypoglycaemia and gastri¬ 
nomas with refractory peptic ulcer disease are prime examples. 
Small tumours may be radiologically occult, with up to 50% of 
insulinomas and gastrinomas not showing up on preoperative 
imaging. 30 Even recent studies have demonstrated a disappointing 
sensitivity of 63.9% for insulinoma location with modern multislice 
CT. 31 Once again, IOUS has been advocated as an extension of 
bimanual palpation at open surgery (Fig. 15.11), and successful 
location of tumours in up to 96.7% of patients has been demon¬ 
strated. 31 Most islet cell tumours are hypoechoic with respect to 
surrounding pancreatic tissue. Their hypervascular nature allows 
power and colour Doppler imaging to assist in localisation. 9 IOUS 
also allows for the detailed assessment of peripancreatic tissues and 
regional lymph nodes for metastatic disease. A comprehensive 
survey is required because islet cell tumours are frequently 
multiple. 

Results for laparoscopic US localisation of islet cell tumours have 
not been as promising, and conversion to open procedures has been 
deemed necessary for a significant minority of cases. This probably 
emphasises the benefits of careful bimanual palpation of the pan¬ 
creas and surrounding duodenum, and also perhaps the inherent 
difficulty of laparoscopic pancreatic surgery. 

Endoscopic ultrasound (EUS) has been shown to have an islet cell 
tumour detection rate of up to 88%, outperforming CT and MRI as 
preoperative imaging. 32 Lesions within the body and tail of the 
pancreas are naturally more difficult to detect with EUS than those 
in the head of the gland. Conventional open IOUS is still the gold 
standard imaging modality because pancreatic head lesions are still 
better dealt with by open surgery, and real-time imaging is invalu¬ 
able to the surgeon. 



Figure 15.11 The normal head of pancreas during open 
surgery, with the normal common bile duct (arrow). 


Biliary tree 


Enthusiasts of laparoscopic US suggest that its use to visualise the 
extrahepatic biliary tree can exclude common bile duct stones and 
prevent iatrogenic duct injury (Fig. 15.12). 33 Bile duct injury was a 
particular concern with the original learning curve for laparoscopic 
cholecystectomy seen in the 1990s, when an increase in this particu¬ 
larly troublesome complication was seen. Laparoscopic US is useful 
as, apart from the lack of radiation involved, it allows anatomical 
delineation prior to tissue dissection. However, most surgeons still 
seem more comfortable with on-table cholangiography (OTC). An 
OTC requires visual identification of anatomy based on the camera 
view alone, and considerable tissue dissection is required to get to 
the point of cystic duct cannulation and fluoroscopy. It is possible 
for a bile duct injury to occur during this period of pre-OTC laparo¬ 
scopic dissection. 

Certainly, avoiding ionising radiation is sensible, and colour 
Doppler imaging may be useful in identifying the cystic artery. The 
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Figure 15.12 Laparoscopic US of the common bile duct seen 
through a fluid-filled duodenum. 


Intraoperative ultrasound 

• IOUS provides dynamic real-time imaging for the assessment of 
predominantly solid-organ oncological disease. 

• Direct transducer contact with the organ/s of interest allows 
higher-frequency scanning than used for percutaneous 
ultrasound, and produces high-resolution images. 

• IOUS is the gold-standard imaging modality for assessing the 
liver during resection for primary cancer and metastatic disease. 

• IOUS demonstrates greater sensitivity than preoperative imaging 
modalities for detecting small lesions. 

• Improvements in preoperative computed tomography and 
magnetic resonance imaging have reduced the impact of IOUS 
on surgical planning, although IOUS still retains an improved 
detection rate. 

• IOUS facilitates the real-time assessment of vascular anatomy 
and surgical dissection planes. 

• Laparoscopic IOUS is used to image the liver and other organs 
as an adjunct to minimally invasive surgery. 

• Contrast-enhanced IOUS has shown some early promise of 
improved liver lesion detection over conventional IOUS. 



Figure 15.13 A: Transplant kidney on IOUS. B: Power Doppler demonstrates good perfusion of the kidney. 


learning curve for laparoscopic US of the bile ducts is admittedly 
slow, however, and it has been shown that this technique cannot 
completely replace OTC. Unclear visualisation of the bile duct, 
equivocal determination of bile duct stones, poor anatomical dem¬ 
onstration and technical difficulties with the equipment have all 
been cited as reasons to proceed to OTC. 33 

Most patients with a clinical or biochemical suspicion of intra¬ 
ductal stones will have had preoperative magnetic resonance 
cholangiopancreatography (MRCP) or endoscopic retrograde 
cholangiography (ERCP), where stones can be removed or a sphinc¬ 
terotomy can be performed. Some surgeons still advocate OTC or 
laparoscopic US, however, especially if there has been a delay 
between MRCP or ERCP and surgery. 

Urology 


Surgeons are becoming ever more willing to embrace laparoscopic 
US, particularly because it is seen as a compensation (at least in 


part) for the loss of opportunity to palpate organs of interest as 
traditionally open procedures become laparoscopic. There is 
already evidence to support the use of conventional IOUS for open 
nephron-sparing surgery for smaller hereditary renal cancers. 34 The 
impact of CT-guided RFA on this kind of work is perhaps becoming 
apparent. Partial adrenalectomy and nephrectomy are guided by 
laparoscopic US. 35,36 Conventional IOUS with colour Doppler 
imaging is useful for assessing the vasculature of transplant kidneys 
(Fig. 15.13). 
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INTRODUCTION 


Major technological advances in all of the imaging modalities have 
changed their roles in pancreatic imaging. 1-3 Computed tomogra¬ 
phy (CT) and magnetic resonance imaging (MRI) are the principal 
modalities used to evaluate pancreatic pathology. 3,4 If clinical sus¬ 
picion for pancreatic pathology is high, then CT is often the initial 
test requested rather than ultrasound, because of a significant false 
negative rate for detecting pancreatic pathology with ultrasound. 
However, transabdominal ultrasound is still frequently the first 
imaging modality to detect or infer (if dilated common bile duct) 
pancreatic pathology. Although the deep posterior position of the 
pancreas can result in poor or suboptimal ultrasound views because 
of overlying bowel gas or in large patients, 5 when the pancreas is 
well seen ultrasound can be a powerful imaging tool for detecting 
and characterising pancreatic pathology. 6 With modern ultrasound 
machines, high quality images of the pancreas can be acquired, 
ultrasound contrast medium is available for enhancement, 7,8 and 
the image detail may be comparable or superior to CT or MRI. 9 
Endoscopic ultrasound is being increasingly used and usually gives 
very high quality and detailed images of the pancreas - although a 
relatively invasive test, there is greater availability and expertise, 


and it now has a useful role for problem-solving and guided aspira¬ 
tions and biopsies. 3,10,11 Therefore, ultrasound still has an important 
complementary role in evaluating pancreatic pathology. 


ANATOMY (Figs 16.1,16.2) 12 - 13 

The pancreas is a retroperitoneal organ in the anterior pararenal 
space, and develops embryologically from the fusion of dorsal and 
ventral buds. It usually lies in a slightly oblique transverse position 
at around the level of the first or second lumbar vertebra, but its 
exact position and size are variable. It is divided into a head, neck, 
body and tail region. 

The head of the pancreas lies most caudally and sits just anterior 
to the inferior vena cava and inferior to the portal vein. It lies adja¬ 
cent to the duodenal loop, with the first part of duodenum lying 
superolaterally, the second part laterally and third part inferiorly. 
The uncinate process extends from the medial, inferior and poste¬ 
rior part of the head of pancreas and lies posterior to the superior 
mesenteric vessels. The neck of the pancreas is usually thinner than 
the rest of the gland and lies anterolateral to the portal vein/supe¬ 
rior mesenteric vein (SMV) confluence, and just posterior to the 
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Figure 16.1 Embryological development of the pancreas. A: The dorsal and ventral buds of the pancreas are initially separate. 

B: In the 5-week embryo the ventral bud has migrated around the duodenum to lie close to the dorsal bud. C: By week 6, the two buds 
fuse. The main pancreatic duct is derived from the distal part of the dorsal bud and the proximal part of the ventral bud. The duct connecting 
the dorsal bud to the duodenum usually degenerates. 


Pancreatic imaging 

• Pancreatic imaging has improved along with major technological 
advances. 

• CT and MRI are the principal imaging modalities for assessing the 
pancreas. 

• Conventional US still has a significant false negative rate for 
detecting pancreatic pathology because of its deep posterior 
position. 

• However, when the pancreas is well seen, US may give better 
detail than CT and MRI. 

• Endoscopic US is increasingly available and provides very high 
quality and detailed pancreatic images. 

• US has an important complementary role in evaluating pancreatic 
pathology. 


pylorus; the groove for the gastroduodenal artery separates the 
head and neck of the pancreas. The body of the pancreas lies in the 
midline posterior to the gastric antrum/body or left lobe of liver 
and anterior to the splenic vein. The tail of the pancreas extends 
laterally to the splenic hilum, anterior to the splenic vein, which is 
a main anatomical landmark. 

The gastroduodenal artery arises from the common hepatic 
artery and runs along the anterior lateral margin of the neck and 
head of the pancreas. The common bile duct crosses the anterior 
surface of the portal vein to the right of the hepatic artery, and 
passes behind the first part of duodenum to run interiorly and 
posteriorly within the head of pancreas. The right hepatic artery 
may arise from the superior mesenteric artery, and so may be seen 
passing close to the undersurface of the head of pancreas - this is 
an important variant for the surgeon planning a resection of the 
pancreatic head. The splenic artery is very tortuous and runs along 
the superior margin of the body and tail of the pancreas. 

The main pancreatic duct (Wirsung) runs along the length of the 
gland from the ampulla and tapers towards the pancreatic tail. In 
40-50% of cases an accessory duct (Santorini) may be present, 
passing laterally from the main duct in the head of pancreas to an 
accessory papilla in the duodenum just above the level of the 
ampulla. In 5-10% of the population the dorsal and ventral parts of 
the pancreas fail to completely fuse, resulting in complete or incom¬ 
plete pancreas divisum with a small ventral duct in the separate 


head of pancreas and a larger main dorsal duct extending from the 
accessory papilla to the pancreatic tail 14,15 - in incomplete pancreas 
divisum a thin branch just connects dorsal and ventral ducts. 15 Most 
patients with pancreas divisum are asymptomatic but some patients 
may have stenosis and partial obstruction at the accessory papilla, 
resulting in poor drainage which may cause acute or chronic pan¬ 
creatitis or pancreatic type pain. 16 Annular pancreas can also occur 
with failure of dorsal/ventral fusion, and the ventral pancreas then 
partially encases and narrows the second part of duodenum. 17 


SCANNING TECHNIQUE 


These include conventional transabdominal ultrasound, endo¬ 
scopic ultrasound and intraoperative/laparoscopic ultrasound. 
With all these techniques, the texture, size and contour of the pan¬ 
creas should be evaluated, and the pancreatic duct, distal common 
bile duct, splenic /superior mesenteric/portal veins, and the coeliac 
axis/superior mesenteric artery identified. 

Transabdominal ultrasound 


Although the image of the pancreas that can be obtained has 
improved considerably over recent years with improvements in 
machine and transducer technology, the technique, skill and per¬ 
sistence of the ultrasonographer is the most important aspect of 
good pancreatic ultrasound. This will also depend on patient size, 
depth of the pancreas and overlying bowel gas. However, even in 
large patients, it can be worthwhile trying to image the pancreas 
since with transducer pressure, good views of the pancreas are still 
possible with ultrasound (Fig. 16.3). 

Patient fasting prior to abdominal ultrasound ensures an empty 
stomach, allowing compression and apposition of the walls of the 
gastric antrum and visualisation of the body and neck of the pan¬ 
creas (Fig. 16.2A). Water or a solution containing cellulose particles 
or simethicone can be given to the patient to fill the stomach and 
provide an acoustic window to the pancreas 18 (Fig. 16.4). A gradual 
increase in transducer pressure may displace gas-filled bowel 
loops, with the image nearly always improving during the ultra¬ 
sound examination (Fig. 16.5). 

Optimising ultrasound views of the pancreas varies between 
patients but includes transverse, longitudinal and angled oblique 
scans. Techniques to further improve the images include scanning 
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Figure 16.2 Normal pancreas. A: The pancreatic head (P) lies anterior to the inferior vena cava (IVC), posterior to the gastric antrum (GA) 
and medial to the second part of duodenum (D2). Both the gastroduodenal artery (short arrow) and common bile duct are shown (long arrow). 
B: More superior view showing the neck, body and part of the tail of pancreas posterior to the left lobe of liver with a normal thin pancreatic 
duct just visible (arrows). C: The pancreatic tail is seen lying anterior to the splenic vein (SV). D: Sagittal view of the body of pancreas posterior 
to the liver and anterior to the SMV. The hepatic artery is seen (arrow). E: More lateral oblique sagittal view of the head of pancreas (P), 
showing the CBD, portal vein (PV) and also the pancreatic duct (arrow). F: Inferior head of pancreas close to the ampulla. The pancreatic duct 
(arrow) is anterior to the CBD, close to the duodenum (D), appearances suggestive of pancreas divisum. A, aorta; IVC, inferior vena cava; SMV, 
superior mesenteric vein; SV, splenic vein; SMA, superior mesenteric artery; CA, coeliac axis; Sp, spine, St, stomach. 
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Figure 16.3 Large patient. A: Head of pancreas seen as a deep echogenic structure just lateral to the mesenteric vessels (arrows). 
B: More superiorly the echogenic body of pancreas is outlined (arrows). 



Figure 16.4 Water in gastric antrum. Optimum imaging of the 
neck of pancreas with water providing a good acoustic window 
between the liver and pancreas. 


during suspended inspiration or expiration, and changing the 
patient's position to left or right decubitus, and sometimes 
standing. 

The head/uncinate, neck, body and tail of pancreas should be 
identified (Fig. 16.2). The pancreatic tail may be well seen through 
the spleen (Fig. 16.6), usually in thin patients, and part of the tail 
may be seen anteriorly through gastric body/fundus (Fig. 16.2C). 
In larger patients the margins of the pancreas can be difficult to 
locate and define, but using the mesenteric vessels as landmarks 
can help define the head of the pancreas, after which the neck, body 
and tail may become easier to visualise (Fig. 16.3). 


Multifrequency transducers are now routinely available with 
modern machines and allow the pancreas to be imaged with the 
correct frequency for any depth. 

Image quality can be improved with a variety of new techniques 
mostly requiring a single push of a button on the ultrasound (US) 
machine - compound and harmonic imaging reduce acoustic noise 
and result in improved spatial/contrast resolution and border 
detection; 19 in pancreatic imaging these techniques result in better 
lesion conspicuity and fluid-solid differentiation (Fig. 16.7). Other 
techniques such as panoramic US, photopic US and 3D/4D US also 
improve image display, but their role in pancreatic imaging is not 
yet clear. 6,19 

Colour Doppler evaluation is an integral part of ultrasound of 
the pancreas, and can be useful in assessing vascular involvement 
by pancreatic masses, or occluded veins as a result of pancreatitis 20 
(Fig. 16.8). 

Contrast-enhancement with SonoVue is not widely used for 
assessing pancreatic pathology, but several recent publications 
suggest a useful role in characterising pancreatic tumours by dif¬ 
ferentiating hypervascular neuroendocrine tumours from hypovas- 
cular adenocarcinoma (Fig. 16.9), and also in assessing vessels and 
parenchymal necrosis in pancreatitis. 7,8 However, in practice CT 
and MRI are preferred imaging modalities for these indications, 
and obtaining good quality ultrasound images in patients with 
pancreatitis is likely to be limited by abdominal tenderness and 
presence of a small bowel ileus. 

Ultrasound elastography has recently been reported - this 
assesses tissue rigidity by tracking tissue movement during com¬ 
pression or in response to external vibration; initial reports have 
suggested it may have a role in the differential diagnosis of a focal 
pancreatic mass, especially focal pancreatitis versus pancreatic 
cancer. 21 

Endoscopic ultrasound (EUS) 


Ultrasound transducers incorporated into the tip of endoscopes 
allow high quality ultrasound images of the gut wall and adjacent 
structures. This technique has been available since the 1980s, but 
has been more widely used over the past decade. 22-24 Two main 
types of echo-endoscopes are available - radial mechanical (360° 
image perpendicular to endoscope), or electronic with the option of 
a radial 270° image probe or a linear array probe (image along line 
of endoscope). 25,26 The electronic radial and linear array probes 
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Figure 16.5 Compression ultrasound. A: Poor view of head of pancreas (P) before transducer pressure. B: Improved image of 
pancreatic head after transducer pressure. 
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Figure 16.6 Pancreatic tail. A: Pancreatic tail (T) seen through the spleen (Sp), lying anterior to the splenic vein (SV) and artery (arrow). 
B: In a younger patient the tail appears more hypoechoic. 
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Figure 16.7 Harmonic imaging. A: Mucinous cystic neoplasm in tail of pancreas with eccentric wall thickening (arrows). B: With 
harmonic imaging there is reduced noise and a sharper image, with clearer solid/fluid differentiation. 



Figure 16.8 Colour Doppler. A: Small cyst in the neck of pancreas (between cursors) of similar echogenicity to adjacent vessels. 
B: Colour Doppler allows differentiation of cyst and vessels. 


allow colour Doppler to differentiate vessels from cystic lesions. 
The linear array probe allows needle-guided aspirations and biop¬ 
sies (Fig. 16.10). A balloon over the transducer tip can be distended 
with water to improve acoustic contact between transducer and gut 
wall. The close proximity between pancreas and stomach/duode¬ 
nal wall means that high frequencies can be used to get detailed 
high-resolution images of the pancreas and pancreatic duct down 
to under 1 mm (Fig. 16.11). The range of frequencies available are 
usually 5-12 MHz, the lower frequency allowing greater depth of 
imaging away from the gut wall, up to about 7 cm. 

After passing the echo-endoscope into the stomach and duode¬ 
num, the air is removed during slow withdrawal. Gentle tip angula¬ 
tion and rotation is used to optimise views of the pancreas. The 
uncinate process is seen from the third part of the duodenum; most 
of the head of pancreas from the second part of the duodenum and 
the body and tail of pancreas can be visualised through the stomach 
(Fig. 16.11). 

Although occasionally used as a primary diagnostic/assessment, 
EUS is best used for targeted problem-solving or for EUS 


fine-needle aspiration (FNA)/biopsy after the patient has been 
imaged less invasively by CT or MRI 10,27 (Fig. 16.12). Since EUS is 
often performed at more specialist referral centres, a common 
problem is that CT or MRI is not available at the time of the 
EUS, and this inevitably makes the test less useful. EUS is best 
viewed as complementary to CT and/or MRI. 27,28 There are still 
limited training centres for EUS, and learning pancreatic EUS 
is considerably more difficult and demanding compared to 
oesophageal EUS. 22,29 

Increasingly, with high quality US/CT/MRI, EUS is used as an 
interventional tool for biopsy of lesions adjacent to the oesophagus, 
stomach and duodenum, or for guided drainage of adjacent collec¬ 
tions such as pseudocysts, or for coeliac axis block. 10,26,27 Although 
very high sensitivities have been reported for EUS FNA, the number 
of false negatives and inadequate samples can be relatively high, 
resulting in the biopsy being repeated either by EUS or under US 
or CT guidance. 30 

Miniprobes are also available - these are tiny transducers fixed 
to the tip of thin 2-4 mm diameter catheters. They are not very 
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Figure 16.9 SonoVue ultrasound. A: Hypoechoic mass in 
pancreatic head bed 8 months after resection for chronic 
pancreatitis, initially thought to be a tumour. B: Post-contrast scans 
showed the lesion to be a cystic lesion with an irregular enhancing 
margin, therefore probably an inflammatory mass, and this resolved 
on follow-up imaging. Enhancing aorta (A) and venous collaterals (c) 
are seen. C: Hypovascular mass encasing hepatic artery and 
coeliac axis (arrows); biopsy confirmed an adenocarcinoma. 



Figure 16.10 EUS. Linear array probe with balloon over the tip of 
the transducer and aspiration needle shown through the working 
channel of the echo-endoscope. 


robust, but can be passed down the working channel of endoscopes 
and then into the bile duct or pancreatic duct to give detailed mor¬ 
phology within a few millimetres of the transducer using very high 
frequencies of about 20 MHz - they may have a role in differentiat¬ 
ing intraductal stones from tumour masses, but their practical use 
is very limited. 31 

Intraoperative ultrasound 


High-frequency linear array probes (7.5-10 MHz), covered with a 
sterile plastic sheath and held against the pancreas at laparotomy, 
provide very good images of the pancreas and pancreatic duct. 32 
Transducers at the tip of laparoscopes are also being increasingly 
used to provide high quality images 33 (Fig. 16.13). Filling the lesser 
sac with fluid may improve more superficial resolution. The need 
for the presence of a radiologist during intraoperative scanning is 
diminishing, since many surgeons using these techniques have 
been trained in their use. 
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Figure 16.12 EUS ampullary mass. A: Small mass (arrows) at the ampulla not seen on CT, blocking and dilating the pancreatic duct 
(PD). B: Needle (arrow) inserted into the mass between the bile duct stent and blocked pancreatic duct, for aspiration cytology. 
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Figure 16.13 Laparoscopic ultrasound. Small insulinoma 
(arrows) with increased vascularity on colour Doppler lying just 
adjacent to a normal pancreatic duct (between small cursors). 
(Courtesy of Dr Adrian Lim.) 



Figure 16.14 Normal pancreatic tail. Appears prominent but 
normal. 


Scanning techniques 

• US assessment of the pancreas should include its parenchymal 
texture, size and contour, the pancreatic and bile ducts, the 
coeliac axis, portal vein and superior mesenteric vessels. 

• Good technique, experience and persistence of the 
ultrasonographer all contribute in the assessment of the pancreas 
with US. 

• Even in large patients, transducer compression can result in good 
US views of the pancreas. 

• Pancreatic US views can be improved by filling the stomach with 
water, alterations in patient breathing and position, harmonic 
imaging, and colour Doppler to define the vessels. 

• Contrast-enhanced US has a limited role in pancreatic US - it 
may be useful in characterising the nature of a pancreatic mass if 
well seen. 


The main indications for intraoperative scanning are detection of 
small insulinomas and intraductal papillary mucinous tumours, 
and defining the anatomy and position of the pancreatic duct 
during duct drainage procedures. 34,35 


NORMAL APPEARANCES 


The normal size of the pancreas is variable, and measurements are 
not usually made; more important than actual size of the pancreas 
is any focal or diffuse change in echogenicity or duct calibre. 
However, the presence of parenchymal atrophy is important. The 
maximum measurement of the head of pancreas is about 2.5 cm, 
the neck <1 cm, the body 1.5 cm, and the tail 3.5 cm. The normal 
tail of pancreas can appear focally enlarged and is not infrequently 
called abnormal if well seen on ultrasound (Fig. 16.14). 

The pancreas is typically homogeneous, and slightly more echo- 
genic than liver. 36 The echogenicity is related to the degree of fat 
deposition 37 and is variable; younger patients tend to have a hyp- 
oechoic pancreas and older patients have a hyperechoic pancreas 
with increased fat replacement 38 (Figs 16.6 and 16.15); the latter also 
occurs in obesity, with steroid ingestion, in Cushing's syndrome 
and with cystic fibrosis. 39,40 The pancreas can be as echogenic as 
retroperitoneal fat in up to 35% of cases. 41 The parenchyma may be 
heterogeneous with hyperechoic stranding (Fig. 16.16), especially 


in older patients. 42 The margins of the pancreas are usually well 
defined but lobulated. 

If the pancreas is well seen on ultrasound then the main pancre¬ 
atic duct is usually visible in the neck/body region (Figs 16.11A and 
16.17). The size of the duct increases with age, up to a maximum of 
3 mm; 43 ; up to age 30 years the mean duct diameter has been 
reported as 1.5 mm, and in those over 80 years the mean diameter 
is 2.3 mm 44 However, duct diameters of up to 5 mm may be seen 
in elderly people. 41 

Ultrasound assessment of the pancreatic duct following secretin 
(1 iu/kg) stimulation has been reported. 44,45 In one study, younger 
patients' duct increased from 1.6 mm to 3.1 mm, and older patients' 
from 1.9 mm to 3.5 mm. 44 A suboptimal response suggests pancre¬ 
atic insufficiency and a greater duct dilatation suggests obstruction 
of the duct. However, ultrasound assessment after secretin stimula¬ 
tion will only be used occasionally in most centres if the patient is 
unable to have secretin-stimulated magnetic resonance cholangio¬ 
pancreatography (MRCP) or even CT, since these tests will usually 
give better and more consistent images of the pancreatic duct as 
well as duodenal secretions. 

Pancreas divisum is usually a difficult diagnosis to make on 
ultrasound but may be suggested if the pancreatic duct is dilated 
and can be followed from the body/neck to its insertion into the 
duodenum separate from the common bile duct (CBD), cranial and 
ventral to the ampulla (where CBD inserts). However, the often thin 
communication between dorsal and ventral pancreatic ducts will 
not be seen on ultrasound, so the diagnosis of divisum can only be 
suggested rather than confirmed (Fig. 16.2F). 

A relatively common normal variant is a hypoechoic posterior 
head/uncinate process of pancreas, due to focal fatty sparing of the 
ventral pancreas 46 (Fig. 16.18). Although it can mimic a mass, there 
is no duct dilatation or real mass effect and the diagnosis can 
usually be made on ultrasound. It has been reported to be present 
in 30-40% of patients having abdominal US, 47 and up to 75% of 
patients undergoing EUS. 48 


ACUTE PANCREATITIS 


General considerations 


Acute pancreatitis is acute inflammation of the pancreas with acute 
abdominal pain and raised serum amylase or lipase, the latter 
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Figure 16.15 Pancreas. A: Normal hypoechoic pancreatic body/tail. B: Normal echogenic pancreas. 





Figure 16.16 Hyperechoic stranding. Thin pancreatic duct 
between cursors, and the adjacent parenchyma of the body of 
pancreas has several prominent and short linear echoes. 

(lipase) being more specific for pancreatic inflammation and 
persisting for longer. 49,50 There is oedema, necrosis and haemorrhage 
of pancreatic and peripancreatic tissue, with variable involvement 
of other regional and remote tissues. This may be mild with 
interstitial pancreatic oedema, or severe with local necrosis, fluid 
collections and systemic complications. 51 

Aetiology 

Gallstones are the commonest cause (in about 50% of cases), includ¬ 
ing occult stones, microlithiasis and sludge. 49 Alcohol is the second 
commonest cause, in 20-25% of cases. 52,53 Other causes include 
raised lipids, hypercalcaemia, endoscopic retrograde cholangiopan¬ 
creatography (ERCP), trauma, viral infections, and various 
drugs. 49,52 In 20-25% of cases no cause is found and these are 
labelled 'idiopathic'. 52 



•> 


Figure 16.17 Pancreatic duct. This is thin and lies between the 
cursors in the neck and body of pancreas. 


Pathophysiology 

This is not clearly understood, but several factors initiate inflamma¬ 
tion. 54 These include overdistension of the pancreatic duct (by 
obstruction or reflux of bile/duodenal contents), alcohol (protein 
plugs form in ducts) and other toxins, hypertriglyceridaemia and 
hypercalcaemia. 55 The end result is a release of activated and 
destructive pancreatic enzymes into the pancreas and surrounding 
tissues. This may lead to changes ranging from mild interstitial 
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Figure 16.18 Ventral pancreas. A: Hypoechoic ventral pancreas (arrows) in the posterior head of pancreas. B: EUS from the third part 
of the duodenum showing a hypoechoic ventral pancreas (V) posterior to the superior mesenteric artery and an echogenic dorsal head of 
pancreas (D). 


Normal appearances 

• The normal size of the pancreas is variable, any alteration in 
echogenicity or duct dilatation being more important in assessing 
pathology. 

• The echogenicity of the pancreas increases with age, with 
increased fat replacement. 

• The pancreatic duct diameter also increases with age - mean 
diameter 1.5 mm in patients under 30 years, and 2.3 mm in 
patients over 80 years. Duct diameters up to 5 mm have been 
reported in elderly patients without associated pancreatic 
pathology. 

• Pancreas divisum occurs in 5-10% of the population and may be 
suggested on US if the dorsal duct is dilated and followed to the 
duodenum with a separate insertion from the bile duct, cranial 
and ventral to the ampulla. 

• A hypoechoic posterior head/uncinate process of pancreas 
occurs due to focal fatty sparing of the ventral pancreas, 
may mimic a mass, and is reported in 30-40% of patients 
having abdominal US and in as many as 75% of patients 
undergoing EUS. 


pancreatitis to severe pancreatic or peripancreatic necrosis, as well 
as release of toxins into the systemic circulation. 55 Pancreatic paren¬ 
chymal necrosis is maximal at 2-3 days after the acute onset of 
attack. Vascular damage occurs by direct effect of pancreatic 
enzymes, necrosis and infection, and can lead to venous thrombo¬ 
sis, acute arterial or venous haemorrhage, or pseudoaneurysm 
formation. 

In patients with pancreas divisum, gallstone pancreatitis affects 
only the relatively small ventral pancreas. Drainage via the acces¬ 
sory papilla may be impaired and so this may predispose to pan¬ 
creatitis in patients with divisum, but this is controversial. 49 

Traumatic pancreatitis usually results in duct disruption and a 
parenchymal defect, and a large pseudocyst often forms. 56 Penetrat¬ 
ing injuries can result in disruption at any point, and may be 


associated with traumatic necrosis, abscess and fistulas. 57 Blunt 
abdominal injuries result in disruption in the vulnerable neck of 
pancreas region, with the duct tearing where it is compressed 
against the aorta and spine - this is the commonest cause of pan¬ 
creatitis in children, and distal pancreatectomy is usually required 
if there is complete duct disruption. 58 

Clinical features 

Typical presentation is with acute epigastric pain and elevated pan¬ 
creatic enzymes. Mild pancreatitis occurs in 70-80% of cases and 
causes minimal organ dysfunction with rapid resolution of symp¬ 
toms. 59 Severe pancreatitis occurs in 20-30% and is associated with 
severe systemic disturbance and an early toxic phase and later 
septic complications. The serum amylase rise may be transient and 
unrecorded, and the diagnosis may be unclear even if there is 
severe pancreatitis. Various clinical scoring systems can be used to 
predict severity of an episode of acute pancreatitis, although there 
is still a need for a more objective early measure of severity. 49,52 A 
C-reactive protein of greater than 150 mg/L at 48 hours also pre¬ 
dicts a severe attack. 52,60 

Around 20-35% of patients with gallstone pancreatitis will have 
gallstone-related morbidity within 6 months, 61,62 so early cholecys¬ 
tectomy is indicated; if the patient is unfit for surgery endoscopic 
sphincterotomy is indicated. 52 

Mortality rates after acute pancreatitis are dependent on inten¬ 
sive care and radiological monitoring with active treatment of com¬ 
plications, most serious of which are infected necrosis and arterial 
bleeding/pseudoaneurysm formation. In patients with pancreatic 
necrosis, mortality is about 10% with sterile necrosis and 25% with 
infected necrosis. 63 

Role of ultrasound 


CT is the technique of choice in evaluating patients with suspected 
or established acute pancreatitis. However, US is often the initial 
test in patients presenting with abdominal pain - it may be possible 
to assess the abnormal pancreas and any fluid collections, but views 
may be limited with ileus and pain/tenderness (Fig. 16.19). 3 
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Figure 16.19 Acute pancreatitis. A: Pain and extensive bowel gas because of an ileus limited US views of the pancreas but a small 
amount of free fluid was seen adjacent to the liver, supporting some acute intra-abdominal inflammation. B: CT in the same patient shows 
some fluid and stranding around the pancreatic tail. Note the distended air-filled bowel anteriorly, highlighting the reason for the poor 
US views. 




Figure 16.20 Mild acute pancreatitis. A: Slightly enlarged, oedematous and hypoechoic body of pancreas. B: Focal pancreatitis with an 
ill-defined hypoechoic mass in the head of pancreas and slight dilatation of the pancreatic duct. 


Therefore CT is indicated if there is still clinical concern and US 
unhelpful. US has a critical role in detecting gallstones, and should 
be repeated if no stones are initially detected . 52 Biliary dilatation 
will be seen on US if the distal CBD is obstructed, and CBD stones 
may be visible with US. 

EUS may detect tiny stones or microlithiasis as a cause of acute 
pancreatitis . 64 Although some authors suggest EUS after the first 
attack of acute pancreatitis , 65 there is not enough evidence to 
support this. However, patients with recurrent 'idiopathic' pan¬ 
creatitis should have EUS . 52 EUS is as accurate as and safer than 
ERCP for the detection of CBD stones . 52 


Once the diagnosis of acute pancreatitis is established, any dete¬ 
rioration is imaged with CT (or MRI), but US can be used inter¬ 
mittently and may allow adequate views and assessment of 
collections. 

Avery useful and underused role of US is in assessing how much 
fluid or solid component is present within a pseudocyst, allowing 
a decision on whether further drainage of any liquid component is 
needed . 66 

US or EUS can be used prior to endoscopic cystgastrostomy to 
assess the gut /pseudocyst wall thickness and the presence of any 
intervening blood vessels, particularly venous collaterals . 66 




Acute pancreatitis 



Figure 16.21 Severe acute pancreatitis. A: Disruption of pancreatic parenchyma in the body/tail of pancreas (long arrow), adjacent fluid 
and solid necrosis (short arrows). B: Corresponding CT showing the disrupted pancreas (arrow) and the peripancreatic necrosis tracking 
around the pancreatic tail, spleen and left kidney. C: Enlarged, disorganised pancreatic tail (arrows) with tiny pockets of fluid/oedema and 
variable echogenicity of fat necrosis. D: Similar findings around the left kidney. 


Contrast-enhanced US has been reported to be useful in patients 
with acute pancreatitis, 67 but there are problems with consistently 
imaging the whole pancreas in these patients, which is a significant 
drawback to its practical value in this situation. 3 

Appearances on ultrasound 


Mild pancreatitis 

The pancreas may appear normal, enlarged, hypoechoic (less than 
liver echogenicity) and oedematous (Fig. 16.20). Reduction in 
parenchymal echogenicity results in increased visibility of duct 
wall, and thin septations separating lobules may also be seen. There 
may be oedema/fluid around pancreas and/or around the liver 
and spleen and in the flanks. CT is less sensitive at showing subtle 
changes within the pancreas, but much more sensitive at defining 
change in the peripancreatic fat (Fig. 16.19B). 


Hypoechoic change may be diffuse or focal, the latter mimicking 
a tumour mass (Fig. 16.20B). The pancreatic duct is usually com¬ 
pressed and thin, and may not be visible, but if there is a focal mass, 
there may be some mass effect resulting in slight dilatation of the 
duct beyond the mass. 

Severe pancreatitis 

Ultrasound views are likely to be more limited because of increased 
tenderness and ileus. Views of the head and tail of pancreas are 
sometimes possible from the flanks. The abnormalities that may be 
seen include free fluid, a hypoechoic bulky gland, and possible 
parenchymal disruption. Peripancreatic fluid/collections accumu¬ 
late in the lesser sac and/or track down the flanks. Fat necrosis and 
solid inflammatory change are common findings on CT, but are 
difficult to see well on ultrasound and usually appear as solid areas 
of increased and decreased echogenicity and associated with tiny 
pockets of fluid echogenicity (Fig. 16.21). 
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Complications 


These may be detected with US, but CT assessment is nearly always 
indicated. 

Most are minor and transient clinical problems and resolve 
without intervention. 

Pancreatic necrosis 

Pancreatic necrosis occurs in about 20% of patients with acute pan¬ 
creatitis, 68 with focal or diffuse areas of non-viable pancreatic 


parenchyma, usually with peripancreatic fat necrosis. Necrosis 
develops early in severe pancreatitis, the full extent occurring 4 or 
more days after its onset. 52 Pancreatic necrosis is best detected and 
defined by dynamic contrast-enhanced CT. US has little role in 
assessing pancreatic necrosis and is unable to detect it. However, 
some recent articles suggest that contrast-enhanced US can define 
the necrosis similar to CT, 67 but this is unlikely to be widely used 
because of difficulty in achieving good US views of the whole pan¬ 
creas in these patients, who are usually very unwell and tender. 



Figure 16.22 Pseudocysts. A: Large pseudocyst arising from the pancreatic tail, some internal echoes and a slightly irregular and thick 
margin. B: EUS of a large pseudocyst with thick nodular septa and nodules attached to the wall. The main differential diagnosis was of a 
mucinous cystic neoplasm, but analysis of aspirated fluid showed absence of mucin, high amylase and low tumour markers, making a 
pseudocyst much more likely. C: Although this pseudocyst appeared cystic on CT, US showed it was mainly solid with small cystic 
components - a drain was inserted but very little fluid aspirated as suggested by the US appearance. D: In another patient, a pseudocyst 
was drained and follow-up CT suggested a residual cyst, but EUS showed there was mainly solid material within it. 







Acute pancreatitis 


Pseudocyst 

Pseudocysts are collections of pancreatic fluid with a non- 
epithelialised wall of fibrous or granulation tissue - they may ini¬ 
tially be ill-defined in outline, but gradually become better 
defined with thicker walls. They are usually round or oval, and 
develop in about 50% of patients 4 weeks after a severe attack. 
They may occur even after a mild attack; therefore follow-up 
imaging (usually with CT) on one occasion has been suggested 
before discharging patients from hospital. 52,69 Pseudocysts often 
communicate with the main pancreatic duct, but more than 50% 
resolve spontaneously. 

Pseudocysts are usually easy to see on US, and may have internal 
echoes, septations and solid debris, and so can mimic a cystic 
tumour on imaging appearance alone. A significant advantage of 
US over CT is the ability to differentiate liquid and solid compo¬ 
nents (Fig. 16.22). 

Pseudocysts are usually located close to the pancreas but may 
occur distant from the pancreas via tracts dissecting through tissues. 
They can cause mass effect with gastrointestinal tract or biliary 
obstruction. Pseudocysts may also rupture, resulting in an acute 
abdomen and pancreatic ascites. 

Pancreatic phlegmon 

This term is often misused, but is still sometimes used to indicate 
the presence of solid inflammatory tissue due to fat/tissue 
necrosis and fluid/haemorrhage (Fig. 16.23, and also Figs 16.21, 
16.22D). 

Infection 

Causes of infection after acute pancreatitis include infected pseu¬ 
docyst/abscess, infected pancreatic necrosis and infected peripan- 
creatic necrosis (Fig. 16.24). An abscess occurs 2-4 weeks after onset 
of acute pancreatitis and is typically well defined with a thick wall, 
hypo- or anechoic centre and often containing bright echoes which 
may indicate pus, air or necrotic tissue debris. Necrosis may become 
infected in about 10% of patients with acute pancreatitis, but in up 
to 80% with severe necrotising pancreatitis; 68 this peaks at 3 weeks 


and is associated with a high mortality. A discrete abscess is rela¬ 
tively easy to define on US, but infected solid or semi-solid necrotic 
fat/tissue is very difficult to assess; the presence of air may be 
detected on ultrasound, and usually indicates infection. However, 
CT is crucial in the septic patient with acute pancreatitis. An abscess 
requires drainage under CT or US guidance, and infected necrosis 
may require surgical debridement. 


Portal venous thrombosis 

Acute thrombus in the portal/splenic veins may occasionally be 
seen, but often the veins (most commonly splenic vein) are found 
to be occluded on imaging, with formation of venous collaterals. 


Arterial bleeding and pseudoaneurysm 

Pseudoaneurysms usually occur 2-3 weeks after severe pancreati¬ 
tis, and are detected on post-contrast arterial phase thin collimation 
CT (Fig. 16.25). A fatal haemorrhage can occur, and if arterial bleed¬ 
ing or pseudoaneurysm is detected angiographic intervention is 
needed. Arterial wall breakdown can result in irregularity and 
direct bleed, or initial pseudoaneurysm formation, which is at high 
risk of bleeding. Pseudoaneurysms may rarely be detected on US, 
but follow-up scans after diagnosis of severe acute pancreatitis are 
nearly always CT. US may show a focal area of reduced echogenic¬ 
ity with heterogeneous or layered internal echoes, and blood flow 
on colour Doppler. 


Biliary obstruction 

US should easily detect any biliary dilatation, and if gallstones are 
present or suspected, urgent ERCP is indicated. Transient swelling 
of the pancreatic head can lead to an oedematous CBD stricture, but 
this can later lead to a more fibrotic stricture. There is a risk of 
cholangitis, so if the liver function tests are obstructive then biliary 
stenting is appropriate. 



Figure 16.23 Phlegmon. A: CT showing large low-density collection anterior to the head of pancreas, thought to be cystic, but of slightly 
increased density compared to the adjacent gallbladder. B: US showed this to be a solid heterogeneous inflammatory mass. GB, 
gallbladder. 
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Figure 16.24 Abscess/Infection. A: Thick-walled collection 
adjacent to the pancreatic tail with multiple echoes following acute 
pancreatitis, in keeping with a pancreatic abscess. B: Large 
heterogeneous collection in the left flank (arrows) in a septic patient 
with mobile echoes and solid debris, in keeping with infected 
necrosis. C: Corresponding CT showing enhancing margins of left 
flank collection. 


Gastrointestinal tract obstruction and 
renal obstruction 

These may be seen as sequelae of acute pancreatitis; they usually 
resolve with time and without intervention. 

Intervention 


Pseudocyst aspiration/drainage 

This can be performed by direct puncture, or by a transgastric 
approach with US and/or fluoroscopic guidance (Fig. 16.26). EUS 
guidance can also be used for endoscopic transgastric aspiration 
and drainage. Drainage is indicated if the patient is symptomatic 
or the cyst is infected or enlarging. Continued drainage after the 


initial procedure implies a significant persistent communication 
with the main pancreatic duct. ERCP and pancreatic stent is indi¬ 
cated initially, and surgery may need to be considered. 

Infected necrosis 

Suspected infected necrosis should be aspirated for culture. 70 If pus 
is aspirated, then a radiological drain usually follows. However, 
consideration should be given to necrosectomy, although this is not 
mandatory as previously reported. 52 

A common scenario in practice is that some (varying proportion) 
solid necrosis that does not initially drain becomes more infected 
after the drain has been inserted and then liquefies and drains very 
slowly (may be weeks to months) - usually requiring further drains, 
changes and upsizing. The infected cavity may evacuate from the 
drain, or fistulation occurs into adjacent gastrointestinal (GI) tract. 










Chronic pancreatitis 



Figure 16.25 Pseudoaneurysm. A: Arterial phase CT showing pseudoaneurysm (arrow) surrounded by thrombus in the head of 
pancreas, not initially recognised. B: US 1 week later showed an echo-poor and heterogeneous corresponding focal area, but no colour 
Doppler flow (arrow). The pseudoaneurysm had spontaneously thrombosed, confirmed on repeat CT. 


Acute pancreatitis 

• Acute pancreatitis is caused by gallstones or alcohol in over 70% 
of cases. 

• US has an important role for detecting gallbladder stones, and 
should be repeated if initially negative in a patient with acute 
pancreatitis. 

• US in mild pancreatitis may show the pancreas to be normal, or 
enlarged with decreased echogenicity. 

• In severe pancreatitis, there is usually also peripancreatic free 
fluid. Contrast-enhanced CT is necessary to assess pancreatic 
necrosis and other complications. 

• US has a limited role in further imaging of patients with severe 
pancreatitis. However, it may be useful in monitoring collections, 
differentiating solid from liquid low-density collections identified on 
CT, and may detect CBD stones, pseudoaneurysms, venous 
thrombosis, or abscesses. 

• US can be useful for guided drainage of collections. 

• EUS has a role in patients with recurrent acute pancreatitis of 
unknown aetiology, to look for gallbladder microlithiasis or sludge. 


US is not usually adequate to assess these collections with mainly 
solid infected tissue and air. Percutaneous necrosectomy can be 
performed, ideally through a retroperitoneal tract. 71 

Thrombin injection of pseudoaneurysm 

This can be performed under US guidance, but does risk rupture of 
the aneurysm and if considered should be done in the angiography 
suite, so that angiography and embolisation can be performed if 
necessary. 72 


CHRONIC PANCREATITIS 


Chronic pancreatitis is a continuing inflammatory disease of the 
pancreas, characterised by irregular sclerosis of the pancreatic 
parenchyma and replacement of glandular elements of the pancreas 
by fibrous tissue, resulting in progressive and permanent loss of 
exocrine and endocrine pancreatic function. 73 

In developed countries, alcohol is the commonest cause (60-70%), 
and 30-40% of cases are idiopathic. Although relatively uncommon, 
its incidence is increasing, probably as a result of increasing alcohol 
consumption. Alcohol may cause direct parenchymal damage or 
precipitate protein secretions resulting in blocked ducts. Scarring 
leads to strictures of the main pancreatic duct as well as the side 
branches. Intraductal protein plugs often calcify as the disease 
progresses. 

The diagnosis of chronic pancreatitis is based on a combination 
of clinical findings, endocrine and exocrine pancreatic function 
tests, and imaging findings. However, the diagnosis can be difficult, 
especially in early disease since there is no gold standard test 74 and 
histological diagnosis is also difficult. 75 Differentiating early chronic 
pancreatitis (lobular fibrosis) from acute or recurrent acute pancrea¬ 
titis (focal necrosis/autodigestion) is also difficult. 3 

Imaging 


In advanced chronic pancreatitis there is good correlation between 
the various imaging modalities and tests of pancreatic function, but 
there is no reliable test for diagnosing early chronic pancreatitis and 
differentiating this from other causes of abdominal pain. 3 

CT is again the principal imaging modality in chronic pancreati¬ 
tis, and the main features are gland calcification, parenchymal 
atrophy and duct dilatation. There may be acute on chronic 
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Figure 16.26 Drainage of pseudocyst. A: US-guided insertion of a pigtail catheter into a pseudocyst. B: High-frequency US used to 
guide a needle through the gastric antrum (arrows) into a pseudocyst (P). The tract is then dilated before insertion of a pigtail catheter. 
The drain can be cut within the stomach at a later date to allow continued internal drainage. C: EUS-guided aspiration of a pseudocyst 
posterior to the gastric wall. 


inflammatory change, low density fibrosis within and around the 
pancreas, pseudocysts, bile duct or duodenal strictures, portal vein 
thrombosis/venous collaterals, and pseudoaneurysm formation. 

ERCP also has an important role in diagnosis of chronic pancrea¬ 
titis, especially early change - it may be the only test to show subtle 
main duct stricturing and side branch ectasia. 76 Non-invasive 
imaging with secretin-stimulated MRCP is being increasingly used, 
giving almost comparable ductal information to ERCP, as well as 
some functional information through quantification of pancreatic 
fluid output after secretin stimulation. 77 

Changes of chronic pancreatitis may be focal, and when confined 
to the part of the pancreas between bile duct and duodenum are 
called 'groove' pancreatitis. This may result in dilatation of the 
main pancreatic duct and small cysts in a thickened duodenal 
wall. 78 Focal pancreatitis occurs in about 20% of cases, and usually 
involves the head of pancreas, and may mimic a pancreatic tumour 
(Fig. 16.27). 79 

Ultrasound and EUS 


Ultrasound has the advantage over CT of allowing detailed views 
of the pancreatic parenchyma when it is visualised, and many 



Figure 16.27 Focal chronic pancreatitis. Hypoechoic mass in 
the head of pancreas, around a bile duct stent (arrow), in a patient 
known to have chronic pancreatitis. Several biopsies from this mass 
revealed fibrosis only, and no progression on follow-up CT scans. 











Chronic pancreatitis 


papers have been written about the changes in the echotexture of 
the pancreatic parenchyma in chronic pancreatitis. 3,80-82 A normal 
echotexture may be seen in up to 40% of patients with chronic 
pancreatitis, mainly in the early stages. However, the echogenicity 
of the pancreas usually increases in chronic pancreatitis due to a 
combination of increased fat and fibrosis, but this is also seen in 
obese and older patients. 6,38,41-42 Therefore, on its own this ultra¬ 
sound change is not helpful. Similarly, volume assessment is dif¬ 
ficult and subjective, and parenchymal atrophy is non-specific. Foci 
of increased and decreased gland echogenicity are said to be more 
specific for chronic pancreatitis, 83 but again this is more reliable as 
a supportive sign. 

Ultrasound detection of pancreatic intraductal calcification is 
highly suggestive of chronic pancreatitis 6,84 (Fig. 16.28), although 
any focal cluster of calcification associated with a mass may be due 


to tumour calcification (Fig. 16.29). Intraductal calculi are protein 
aggregates with calcium carbonate deposits, and their echogenicity 
increases with increasing calcium content. Non-calcified intraductal 
protein plugs are usually not detectable, but may be seen on high- 
frequency US and/or with harmonic imaging as echogenic foci 
without acoustic shadowing (Fig. 16.30). 

The presence of duct dilatation and irregularity may also be seen 
on ultrasound of patients with chronic pancreatitis. Any pseudo¬ 
cysts detected further support a diagnosis of chronic pancreatitis. 

A pancreatic duct diameter of greater than 3 mm is considered 
pathological. 83 It is the most easily identified US sign in chronic 
pancreatitis with a sensitivity of 60-70% and specificity 80-90%. 6 
However, it may be normal, especially in the early stages of chronic 
pancreatitis, and duct dilatation may be secondary to an obstructing 
lesion, or an intraductal papillary mucinous neoplasm (IPMN). 





Figure 16.28 Chronic pancreatitis. A: Small echogenic foci in the body of pancreas around a slightly dilated pancreatic duct (arrows). 
B: Corresponding CT showing numerous small calcifications and an irregular and dilated pancreatic duct. C: Dilated pancreatic duct 
containing large stones, and marked parenchymal atrophy. D: Cyst in the head of pancreas, dilated pancreatic duct and parenchymal 
atrophy in a patient with longstanding chronic pancreatitis. 
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Figure 16.29 Chronic pancreatitis mass. A and B: Hypoechoic masses around calcifications in patients with known chronic 
pancreatitis; in A biopsy and follow-up were in keeping with benign change, but in B biopsy showed adenocarcinoma. 



Figure 16.30 Protein plug. Patient with chronic pancreatitis, 
dilated duct, parenchymal atrophy and presumed protein plug 
(arrow). 



Figure 16.31 EUS chronic pancreatitis. Lobulated parenchyma, 
suggestive of chronic pancreatitis. 


Secretin-stimulated ultrasound of the pancreas has been reported 
to be useful in diagnosing chronic pancreatitis by correlating 
changes in the pancreatic duct to exocrine pancreatic function, a 
suboptimal dilatation associated with pancreatic insufficiency. 45 
However, this test is only likely to be used if the more objective 
MRCP with secretin stimulation cannot be performed. 

EUS gives more detailed and consistent views of the pancreas 
compared to transabdominal US. Features seen on EUS in chronic 
pancreatitis, not well seen by other imaging modalities, include 
hyperechoic duct wall, lobulation of parenchyma, small cystic 
change, and side branch ectasia 3,77,81 (Fig. 16.31). However, EUS may 
be oversensitive, since some of these changes can be seen in older 
patients without clinical evidence of chronic pancreatitis. 42 



Autoimmune pancreatopathy 


AUTOIMMUNE PANCREATOPATHY 

This is being increasingly recognised as a type of chronic pancreatic 
dysfunction caused by an autoimmune mechanism and is often 
associated with a cholangiopathy resembling sclerosing cholangi¬ 
tis. 85-87 This condition has become established as an important diag¬ 
nosis over the past 10 years, not least because it can mimic pancreatic 
cancer clinically and radiologically. 86 Early and accurate diagnosis 
is crucial, since it can be treated with corticosteroids, which can 
rapidly reverse the changes produced. 86 It is estimated to be present 
in about 5% of patients diagnosed with chronic pancreatitis, and 
typically presents with painless jaundice, weight loss and variable 
abdominal pain. 86 


The most important imaging features are an enlarged pancreas 
and a narrow main pancreatic duct. There should also be raised 
serum autoantibodies (or IgG/IgG4) and/or pancreatic biopsy 
showing fibrosis and periductal infiltration by lymphocytes and 
plasma cells. 87 

The pancreas is initially increased in volume, diffusely enlarged 
with sharp margins and a rim of low density typically seen on CT 
- the appearance described as a 'sausage' shaped pancreas. The 
pancreatic duct is compressed, and seen as thin and irregular at 
ERCP. Extra-pancreatic disease (especially lung and kidney) is well 
recognised and due to IgG4-positive plasma cell infiltrate. 88 

On US the pancreas appears focally or more usually diffusely 
enlarged and hypoechoic, without calcification, duct dilatation or 
surrounding fluid (Fig. 16.32). It is important to consider and 
exclude malignancy. The evolution of changes over several months 
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Figure 16.32 Autoimmune pancreatopathy. A: Enlarged hypoechoic head of pancreas with a plastic bile duct stent (arrows). 

B: Enlarged body of pancreas with a slightly irregular duct (arrows). C: CT showing typical enlarged pancreatic tail with a rim of low 
density fibrosis. D: ERCP showing typical appearance of an irregular pancreatic duct. 
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Chronic pancreatitis 

• US features of chronic pancreatitis include calcification, dilated 
duct or side branches, parenchymal atrophy, and pseudocysts. 

• Focal pancreatitis may mimic a tumour, and often occurs 
between the duodenum and head of pancreas - ‘groove’ 
pancreatitis, and this may be associated with a dilated pancreatic 
duct and small cysts in a thickened duodenal wall. 

• Autoimmune pancreatopathy is being increasingly recognised 

- the pancreas is usually diffusely enlarged and hypoechoic, and 
the pancreatic duct is thin and irregular. The biliary tree is often 
affected, with appearances of sclerosing cholangitis. There is 
usually a good response to steroids, and the pancreas undergoes 
parenchymal atrophy on follow-up imaging. 


is to a small atrophic pancreas. Duct dilatation and calcification are 
unusual. 

The principal role of US and especially EUS is for guided pancre¬ 
atic biopsy so that histological assessment can support the diagno¬ 
sis and exclude cancer. 


PANCREATIC TUMOURS 


The majority of pancreatic tumours (about 90%) are ductal adeno¬ 
carcinoma, but with improved imaging cystic tumours are being 
increasingly recognised. 3 

Pancreatic cancer has a relatively low incidence but poor prog¬ 
nosis, so that it ranks eighth in a world listing of cancer mortality. 89 
At presentation, less than 20% of patients are suitable for curative 
resection. 3 It is more common with increasing age and so its inci¬ 
dence is increasing in most Western countries whose population is 
ageing. 89 

There are no specific aetiological agents but reported risk factors 
include smoking, diabetes, chronic pancreatitis, familial adenoma¬ 
tosis polyposis, and a family history of pancreatic cancer. 89 

Clinical presentation is usually with weight loss, abdominal pain 
(often radiating to the back), and jaundice if the bile duct is involved, 
but cystic and neuroendocrine tumours (NET) may be asympto¬ 
matic or have few symptoms. 3 Tumours in the head of pancreas are 
usually smaller at presentation because local mass effect on bile 
duct and/or duodenum leads to earlier symptoms such as jaundice 
and vomiting, whereas tumours in the tail of pancreas are more 
often much larger and may be metastatic at presentation. 

The presence of metastases and arterial involvement by tumour 
are usually a contraindication to resection, but local portal venous 
involvement no longer excludes the surgical option since vein grafts 
are now being undertaken. 90 However, the extent of venous involve¬ 
ment is important in making the decision whether to try to operate 
with venous grafting. Unresectable tumours may be treated with 
chemotherapy, sometimes chemoradiotherapy with a view to 
downstaging before reconsidering surgical resection. 91 Surgical 
intervention has become more aggressive in the past decade with 
improvements in surgical technique and more specialist surgeons, 
but the long-term outcome has not yet been assessed. 92 Laparotomy 
with a view to resection is still frequently being converted to biliary 
and gastric bypass since the tumour is found to be too advanced; 
preoperative imaging, although improved considerably, is still 
missing small peritoneal and liver metastases. 93 

Overall 5-year survival for pancreatic cancer is only 1-2%, 
increased to 10% if resected, but the prognosis for rarer tumours 
is better. 

Imaging 


Imaging is used for detection, characterisation and staging of pan¬ 
creatic tumours, with assessment of local extension, vascular inva¬ 
sion and metastases. 


The key imaging modality is multislice CT dedicated to the pan¬ 
creas for assessment of the tumour and including the chest for 
complete staging. 

Ultrasound is frequently the initial imaging test in evaluating 
patients with abdominal pain/weight loss and/or jaundice. 
Although US does not allow consistently good images in all patients, 
it can provide very useful information for diagnosis and staging of 
pancreatic masses if time and care is taken during the examination 
and when used by experienced and skilled operators. US should 
also be considered as a problem-solving tool and repeated after CT 
if necessary; for example, if a mass is not identified on CT it may 
be shown on repeat US, or if there is contact between portal vein 
and tumour on CT, US may show invasion into the wall. Endo¬ 
scopic US is often used in these circumstances and can give excel¬ 
lent images, but sometimes the problem can be resolved with 
transabdominal US. 

Differential diagnosis 


The detection of a focal pancreatic mass on imaging could be due 
to a variety of benign and malignant causes. The commonest causes 
of a solid mass are pancreatic adenocarcinoma and focal pancreati¬ 
tis. Other causes include neuroendocrine tumours, metastases and 
lymphoma. All of these masses are usually hypoechoic, so difficult 
to differentiate on US. The presence of cystic change and calcifica¬ 
tion supports chronic pancreatitis. However, a cystic element to the 
mass may be due to a cystic NET, mucinous cystic neoplasm, serous 
cystadenoma, or a cystadenocarcinoma. A dilated main pancreatic 
duct (MPD) with or without an associated cystic lesion is suggestive 
of an IPMN. Non-neoplastic causes of cystic lesions should also be 
considered, and these include pseudocysts, hydatid cysts and true 
congenital cysts. Contrast-enhanced ultrasound defines the tumour 
vascularity and so can be useful in differentiating between more 
vascular (NETs, serous cystadenomas and focal pancreatitis) and 
less vascular (adenocarcinoma) masses. 7,8 

Adenocarcinoma 


Pancreatic adenocarcinomas are most common in the head of pan¬ 
creas, often resulting in bile duct compression and jaundice, and 
usually larger in the tail of pancreas. Tumours in the head and neck 
of pancreas cause dilatation of the MPD and CBD ('double duct' 
sign, highly suggestive of adenocarcinoma). CBD dilatation does 
not always occur with pancreatic head tumours, and also if the 
main tumour mass is located in the uncinate process, body/tail of 
pancreas. Adenocarcinomas typically lead to perineural and 
perivascular invasion, and early metastases in the liver, nodes peri¬ 
toneum are common. 

Ultrasound features 

As with CT and MRI, ultrasound is best performed before any bile 
duct stenting, since following a dilated duct down to the level of 
obstruction makes it far easier to identify and localise any mass. A 
dilated CBD and MPD are usually easily detected (Fig. 16.33). Even 
in the absence of a visible mass, the dilated ducts are strongly sug¬ 
gestive of a pancreatic head neoplasm. There is usually parenchy¬ 
mal atrophy associated with the dilated MPD (Fig. 16.33). However, 
the double duct sign is not exclusive to cancers, since any focal mass 
or inflammation can cause this. Pancreatic adenocarcinoma masses 
are typically hypoechoic, fairly homogeneous solid masses, and 
often with a well-defined but irregular margin (Fig. 16.34). Occa¬ 
sionally the tumours are of heterogeneous echotexture with small 
foci of increased echogenicity, but it is rare for adenocarcinoma to 
be hyperechoic (Fig. 16.34). Any associated acute or chronic pan¬ 
creatitis makes US detection and staging of the tumour more dif¬ 
ficult. If the surrounding parenchyma is echogenic, then the tumour 
margins are usually easy to define on US. However, if the rest of 
the pancreas is hypoechoic, then detecting and defining the tumour 








Pancreatic tumours 



Figure 16.33 Cancer-dilated ducts. A: Dilated CBD down to a small obstructing mass (arrows). B: Dilated pancreatic duct and 
parenchymal atrophy secondary to an obstructing mass (arrows). 
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Figure 16.34 Adenocarcinoma. A and B: Hypoechoic head of 
pancreas mass around plastic stent (A, arrows) and metal stent 
(B, arrows) in distal bile duct. C: Large heterogeneous head of 
pancreas mass (arrows). D: Adenocarcinoma in body of pancreas 
(arrows), anterior to the splenic vein. 
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Figure 16.36 Venous involvement. A: Tumour (t) just touching SMV (v) but echogenicity around vessel preserved. B: Sagittal US 
showing loss of echogenicity between tumour (t) and portal vein superiorly (arrows), although this is preserved with the SMV (smv) 
anteriorly. C: Colour Doppler showing tumour encasing and narrowing the portal vein (PV), partially encasing the hepatic artery (ha), and 
308 further tumour encasing the SMA (arrows). D: Colour Doppler demonstrating complete occlusion of the portal vein (arrow). 





Pancreatic tumours 


extent may be impossible on US since the mass is then almost iso- 
echoic to normal pancreas. Ultrasound contrast media may be 
helpful in this situation, and the tumour may be better shown as a 
hypovascular mass than on post-contrast CT scans 6,94 (Figs 16.9C 
and 16.35). The sensitivity of US tumour detection is 72-98%, and 
specificity greater than 90%. 6 However, overall contrast-enhanced 
CT is more sensitive than contrast-enhanced US in tumour detec¬ 
tion, 6 and CT is also more objective with consistently better images. 

Tumour size is important to record since it may have prognostic 
value; masses under 2 cm not surprisingly have a more favourable 
outlook. 95 

Assessment of the local extent of the tumour should be made, 
and whether there is invasion into the stomach and duodenum - 
gastric distension with fluid suggests gastroduodenal stricturing. 
Posterior extension into retroperitoneal fat occurs early and tumour 
tracks along perineural sheaths and lymphatics. The mesenteric 
vessels, portal vein and main arterial branches should be assessed 
for any vessel encroachment, encasement or occlusion by tumour. 
If the tumour is in contact with the portal vein or SMV it is not 
necessarily invading these structures - any loss of echogenicity of 
the vessel wall suggests invasion (Fig. 16.36). Any tumour contact 
with the hepatic artery, superior mesenteric artery (SMA) and 
coeliac axis suggests vessel involvement (Fig. 16.37). More obvious 
signs of vascular involvement are direct tumour extension into 
vessel lumen, complete encasement, vessel distortion and narrow¬ 
ing, and vessel occlusion. Colour flow US can be very helpful in 
defining the vessels, and more clearly showing a strictured segment. 
Acute vascular thrombosis may be difficult to diagnose on greyscale 
US if the thrombus is very hypoechoic, and so colour flow US can 
also be useful in clarifying this. Doppler US may show high velocity 
jets through strictured segments and turbulent flow beyond this, 
but in practice the greyscale and colour flow information allows 
adequate vascular assessment. Lymphadenopathy may occur, and 
this is seen usually around the pancreaticoduodenal region, hepa¬ 
toduodenal region and around the coeliac axis. Slightly enlarged 
reactive nodes are common after bile duct stent insertion, but sig¬ 
nificantly enlarged abdominal nodes are likely to be involved (Fig. 
16.38). The liver should be carefully assessed for any metastases; 


these are often small (Fig. 16.38) and better seen on CT than US. The 
presence of ascites suggests peritoneal metastases, the latter occa¬ 
sionally seen on ultrasound. 

Endoscopic ultrasound detects smaller lesions not seen on US, 
and also gives better staging/assessment of portal vein/SMV 
involvement 2,3 (Fig. 16.39). Much has been written comparing EUS 
with CT and other imaging modalities for detection and staging of 
pancreatic masses, but many of these studies are heavily biased in 
favour of EUS. EUS performs best as a complementary technique 
for problem-solving after the operator has studied the cross- 
sectional images - it is an invasive technique which should not be 
used on its own for evaluating pancreatic tumours since it does 
not perform well if the operator is blinded to the results of 
other imaging studies. 96 


Pancreatic tumours - adenocarcinoma 

• 90% of pancreatic tumours are ductal adenocarcinomas with a 
poor prognosis due to metastases and local vascular invasion. 

• The differential diagnosis of a solid focal pancreatic mass also 
includes focal pancreatitis, NET, lymphoma and metastases. 

• Contrast-enhanced US may differentiate between vascular and 
non-vascular masses, but gives similar information to contrast- 
enhanced CT and MRI. 

• US or EUS may detect a pancreatic mass if none is seen on CT 
or MRI, so can be useful for problem-solving in suspected 
pancreatic neoplasms. 

• Surgery for pancreatic cancer has become more aggressive, and 
although metastases and arterial encasement precludes surgery, 
portal venous involvement can be dealt with by venous grafts. 

• US or EUS may define the extent of portal venous involvement if 
CT/MRI are inconclusive. 



Figure 16.37 Arterial involvement. A: Sagittal view of a pancreatic tumour involving the inferior margin of the hepatic artery (long arrow) 
and the anterior inferior wall of the portal vein (short arrow). B: Encasement and narrowing of the coeliac axis (arrow) and its main 
branches by a large pancreatic body tumour, the narrowed vessels well seen with colour Doppler. 
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Figure 16.38 Nodes and liver metastases. A: Pancreatic head tumour (T) with a large adjacent lymph node (N). B: Pancreatic tumour 
(T) surrounding a biliary stent, and two metastases at the edge of the adjacent left lobe of liver (arrows). 




Figure 16.39 EUS staging. A: Small mass in distal CBD, not 
shown on CT or regular US. B: Small pancreatic head tumour lying 
close to SMV but not invading wall. C: Small volume tumour 
infiltration around the hepatic artery (HA). SA, splenic artery. 
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Cystic neoplasms 


Cystic pancreatic neoplasms are uncommon and represent 10-15% 
of all pancreatic neoplasms. Some cystic pancreatic lesions have 
specific imaging features allowing differentiation. The more 
common cystic neoplasms include serous cystadenomas, mucinous 
cystic neoplasms and IPMN. Less common causes of cystic pancre¬ 
atic neoplasms include cystic endocrine tumours and cystic metas- 
tases. 97 Other causes of cystic pancreatic lesions include pseudocysts, 
hydatid cysts and true congenital cysts. 

Because of the dramatic improvement in imaging quality and 
also use, small cystic pancreatic lesions are being increasingly 
detected in asymptomatic individuals. 98 


Serous cystadenoma 

Previously called microcystic adenoma, this is a benign lesion, 
usually found in women above 50 years. It usually occurs in the 
head of pancreas. It is a well-defined tumour consisting of multiple 
small cysts (<2 cm) (Fig. 16.40). Cysts contain glycogen-rich serous 
fluid separated by a vascular fibrous stroma with numerous thin 
septa. In up to 15% of cases there is a central scar which may calcify. 
If cysts are tiny (<2 mm), the lesion is seen on US as a well-defined 
echogenic mass (shows enhancement on contrast-enhanced US). It 
can have some mass effect and larger lesions can compress adjacent 
structures. The cysts do not communicate with the MPD, but the 
duct may be compressed and dilate distal to this. This lesion is non- 
malignant, and so biopsy/resection is not necessary if typical 



Figure 16.40 Serous cystadenoma. A: Well-defined, heterogeneous and mainly solid-looking mass (SCA) in the pancreatic head and 
neck with a few tiny cysts. The pancreatic body (P) was echogenic. Large cyst (L) is seen in the liver. B: Corresponding T2-weighted MR 
image with a bright T2 lesion indicating it is cystic, with a central signal void in keeping with a scar. C: Cystadenoma seen on EUS with 
detailed view of small cysts of variable size and an echogenic stroma. D: Following microbubble contrast enhancement, a larger 
cystadenoma (arrows) shows moderate enhancement, some calcification and larger cysts. Enhancing liver (L) is also seen. 
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imaging features are present. The decision to biopsy or resect is 
made based on the ultrasound/CT/MR features: only typical 
serous cystadenomas are observed on follow-up imaging; others 
are resected or followed up usually after biopsy confirmation of the 
diagnosis. 99-101 

Mucinous cystic neoplasm 

This was previously called macrocystic adenoma. It may be malig¬ 
nant or have a high risk of malignant change, and so is resected if 
the diagnosis is made or suspected. It usually occurs in women 
aged 30-50 years, mostly in the margin of the body /tail of pancreas. 
It may be unilocular or multilocular and the cysts are typically 
>2 cm. The cysts are lined by columnar epithelium and contain 
mucin, which may result in fine echoes on US. There may be 
nodular or papillary projections and septations on US; the wall is 
usually thick and may be calcified (Fig. 16.7 and 16.41). When 
there is malignant change, there may be metastases to the nodes 
and liver. 

This neoplasm has a much better prognosis than ductal adeno¬ 
carcinoma following surgical resection. 102 

Intraductal papillary mucinous 
neoplasms (IPMN) 

These are characterised by proliferation of pancreatic ductal epithe¬ 
lium and excessive production of mucin. They may be main duct 
type, branch duct type, or a combined type. They are benign or 
low-grade malignant neoplasms, but foci of aggressive cancer may 
form and become invasive. 103 

There is usually very dilated, non-strictured MPD containing 
mucin (maybe reflective on ultrasound) (Fig. 16.42A,B). ERCP typi¬ 
cally shows a patulous papilla with mucin extruding, and this is 
diagnostic; there may be filling defects on a pancreatogram due to 
mucin or mural nodules. The branch type is due to cystic ectasia of 
a side branch and is seen as a cyst communicating with the MPD, 
which is not usually dilated (main differential diagnosis is pseudo¬ 
cyst) (Fig. 16.42C,D). There is a good prognosis with long-term 
survival after pancreatectomy. Resection is usually performed for 
main duct IPMN, but is more controversial for branch duct type, 
which can usually be managed with follow-up imaging and resected 
if they cause symptoms, become >3 cm in size, associated with dila¬ 
tation of the main pancreatic duct, or if they contain mural nodules. 104 



Figure 16.41 Mucinous cystic neoplasm. EUS showed a large 
cyst with a slightly irregular and thickened wall (arrow). 


Solid pseudopapillary neoplasm 

This is a rare low-grade malignant tumour, usually occurring in 
young women. 105,106 It occurs more frequently in the head of pan¬ 
creas, and appears on imaging as a large well-defined heterogene¬ 
ous mass with solid and cystic elements - there are typically 
finger-like projections of pseudopapillary excrescences. It may be 
completely cystic if there is extensive necrosis of haemorrhage. 
Fluid-fluid debris may be seen, and there may be calcification in 
the periphery of the mass. It is generally hypovascular following 
contrast medium injection, but any solid tissue within it does 
enhance. It may appear solid on ultrasound. 


Cystic neoplasms 

• Cystic pancreatic neoplasms include serous cystadenomas, 
mucinous cystic neoplasm, IPMN, solid pseudopapillary 
neoplasm, cystic NETs and cystic metastases. 

• Serous cystadenomas are benign lesions with multiple <2 cm 
cysts, and may appear as an echogenic mass if the cysts are tiny 
(<2 mm). 

• Mucinous cystic neoplasms may be uni- or multilocular, and the 
cysts are typically >2 cm. Nodular projections or septations may 
be seen on US. 

• IPMNs produce mucin which distends the duct and the papilla. 
They may be main duct type or branch duct type, the latter 
presenting as a cystic mass without significant main duct 
dilatation. 

• Small incidental pancreatic cysts are being increasingly detected, 
and may be due to a small pseudocyst, serous cystadenoma, 
mucinous cystic neoplasm, or IPMN. If the cyst is <3 cm, 
unilocular and asymptomatic, then it is very likely to be benign 
and can be followed up on imaging. Septations or solid 
components warrant further investigation such as EUS FNA for 
tumour markers and cytology. 


Management of cystic pancreatic lesion 


This is an increasingly common problem in view of improved 
imaging resulting in a greater number of cystic pancreatic lesions 
being detected (Fig. 16.43). 

The commonest causes to consider are pseudocyst, serous cysta¬ 
denoma, mucinous cystic neoplasm and IPMN. 

If there is a clear history of pancreatitis and the imaging features 
are consistent with a pseudocyst, then it is usually reasonable to 
manage as such, with either follow-up or drainage. However, con¬ 
sideration should be given to the possibility of pancreatitis occur¬ 
ring secondary to a cystic neoplasm. If there is a cluster of tiny cysts 
in an echogenic stroma, then it may be reasonable to treat as a 
serous cystadenoma and follow up with imaging unless the patient 
is symptomatic. 

All patients with pancreatic cysts should be assessed clinically, 
serum tumour markers measured, and then considered for detailed 
thin section multislice CT, MRI with MRCP (to look for any obvious 
communication with duct), and EUS with cyst fluid analysis. 100 

Assessment should be of cyst size, septations, calcification, 
mural/intracystic nodules and communication with the 
pancreatic duct. 107 

EUS morphology is of limited use in view of significant inter- and 
intra-observer variability. 108 However, fluid viscosity (?mucin) and 
a raised CEA (or CA19.9) are useful in predicting a premalignant 
or malignant cyst; abnormal cytology is rarely seen. 107,109 

Cysts which are symptomatic, multilocular (solid components 
and thick wall), with raised tumour markers or mucin, or abnormal 
cytology, should be considered for surgical resection. 107,109 Small 
unilocular cysts are nearly always benign, but the presence of 





Pancreatic tumours 



Figure 16.42 IPMN. A: Dilated pancreatic duct (arrow) and cyst (c) in head of pancreas. B: Corresponding ERCP, this patient had 
pancreas divisum and the accessory papilla was open and had mucus extruding from it, which is diagnostic of an IPMN. Opacification 
showed mobile filling defects (arrow) in large branch connecting to main duct, in keeping with mucus. C: Lobulated cyst (arrows) in 
pancreatic head without main duct dilatation. D: Corresponding MRI (T2-weighted sequence) with cyst (c) and non-dilated pancreatic 
duct (arrow). 


septations, although not diagnostic of malignancy, is associated 
with borderline or in-situ malignancy in 20% of cases. 110 

Small asymptomatic cysts, <3 cm, with no suspicious features on 
imaging or EUS aspirate, may be followed up. These will be the 
majority of incidental pancreatic cysts. Follow-up of these lesions 
has not been clearly defined, but suggested to be for at least 4 years 
since the growth rate of small cystic neoplasms is usually very 
slow; 109,111 a repeat FNA should be considered if there is change in 
cyst morphology/size or clinical circumstances. 109 Size criteria 
alone are insufficient, since a significant number of cysts <3 cm are 
malignant or mucinous. 112 

Neuroendocrine tumours (NETs) 


Pancreatic neuroendocrine tumours arise from the islet cells, and 
may be functioning (85%) or non-functioning (15%) depending on 


whether they secrete excess hormones leading to specific clinical 
syndromes. 113,114 Most solitary tumours occur sporadically, but mul¬ 
tiple NETs usually occur in familial multiple endocrine neoplasia 
(MEN) type l. 115 The commonest functioning tumours are insulino¬ 
mas (50-60%) and gastrinomas (20%), and because of the symptoms 
caused they present early and are usually small. Most (90%) insuli¬ 
nomas are benign, single, intrapancreatic and <2 cm at presenta¬ 
tion. 113 Malignant insulinomas (about 10%) are usually >3 cm and 
about a third have metastases at time of diagnosis. 6 Gastrinomas 
are often small (40% are <1 cm) and multiple and about 60% are 
malignant - they produce excessive gastrin, resulting in increased 
gastric acid and peptic ulcers (Zollinger-Ellison syndrome). 110,112 
They are more difficult to localise than insulinomas, and are more 
often extra-pancreatic. They are typically located in the gastrinoma 
triangle, a region defined by the junction of the cystic duct/CBD, 
junction of the second and third portions of the duodenum, and 
junction of head/neck of pancreas. About 25-30% of NETs of the 
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Figure 16.43 Incidental cysts. A: Thin-walled 1.6 cm cyst at junction of body/tail of pancreas. EUS aspirate showed clear fluid with low 
tumour markers. B: 2 cm cyst identified on CT, but EUS showed irregular outline and solid components, and aspiration revealed mucin 
and raised tumour markers. Pathology after resection showed an IPMN. 


pancreas are non-functioning neuroendocrine tumours, and have 
variable size at diagnosis, 1-20 cm. 6 They are increasingly detected 
incidentally as small masses during multislice CT, sometimes 
picked up on routine abdominal ultrasound. When symptomatic, 
they are large or metastatic (up to 90%) - symptoms are non-specific 
and related to mass effect on adjacent organs. At presentation they 
are often malignant, but less aggressive than adenocarcinomas. 

Imaging NETs 

The diagnosis of functioning NETs is usually based on clinical 
presentation and abnormal biochemistry. 

Imaging is used to localise the tumour, define its relationships in 
particular to vessels and the pancreatic duct to allow surgical plan¬ 
ning for enucleation or partial pancreatectomy, and for the detec¬ 
tion of metastases. 114,116 Localisation of the primary tumour is often 
difficult, but detecting and resecting a benign insulinoma usually 
leads to a cure. 113 No single imaging test is clearly superior, and 
most patients have several different imaging studies. Arterial and 
venous phase thin collimation CT is almost routinely used, the 
tumours often strongly enhancing on the early phase; sensitivity for 
detection with CT is up to 80%, depending on tumour size. 116 MRI 
should be used if CT is negative, and has similar sensitivity but may 
detect some lesions not seen on CT. 113,116 Somatostatin receptor scin¬ 
tigraphy with radiolabelled octreotide is also a very useful test for 
imaging the primary tumour and any metastases, since about 80% 
of NETs have a high concentration of somatostatin receptors. 117 
Transhepatic portal venous sampling and selective arterial calcium 
stimulation with hepatic venous sampling may also be used in 
some centres. 113 

Ultrasound 

NETs are typically round, well-defined and hypoechoic masses, 
and they may have a hypoechoic halo. They may be detected on 
transabdominal US despite a negative CT and MRI. Functioning 
NETs are usually small, but non-functioning ones are typically 
large if symptomatic. Small NETs are usually easy to identify if the 
surrounding pancreas is echogenic, but in young patients a hypoe¬ 
choic NET can be difficult to define within a relatively hypoechoic 
pancreas (Fig. 16.44). Calcification or cystic change may be present. 


Neuroendocrine tumours (NETs) 

• NETs arise from islet cells and are functioning in 85% of cases 
- insulinomas and gastrinomas are the most common. 

• Insulinomas are usually benign (90%), single, intra-pancreatic, and 
<2 cm. 

• Gastrinomas are often multiple and small (40% are <1 cm), and 
60% are malignant. They are often extra-pancreatic. 

• 25-30% of NETs are non-functioning, and if symptomatic are 
usually large or metastatic. However, they are being increasingly 
detected as small incidental pancreatic masses on CT or US. 

• Localisation of a small functioning NET can be difficult, and EUS 
and IOUS have very useful roles in the imaging work-up of these 
cases. 

• US contrast enhancement can be useful, but of only occasional 
practical value since the majority of these patients will have 
contrast-enhanced CT and/or MRI. 


The sensitivity of transabdominal US for detecting NETs has 
wide variation in the literature, 20-86%, increasing with tumour 
size; 116 use of harmonic imaging increases the definition and sensi¬ 
tivity for detecting these tumours. 19 Contrast-enhanced US also 
improves the sensitivity (reported to be greater than 90%) of detect¬ 
ing these lesions, which are usually vascular. 7 US can be a very 
powerful imaging tool, especially in experienced hands, but will 
remain of limited value in very large patients. 

Endoscopic ultrasound has been reported to have the highest 
preoperative sensitivity of over 90%, 113,118 and is particularly 
useful for detecting small lesions (Figs 16.44, 16.45). In expert 
hands tiny gastrinomas may be detected in the gastroduodenal 
wall. Tumours adjacent to the pancreas can be difficult to differ¬ 
entiate from a benign lymph node, and so EUS FNA can be used 
to help establish the diagnosis with sensitivities >85% for a 
correct histological diagnosis. 119 Intraoperative ultrasound (IOUS) 
can be very helpful. If not detected preoperatively, the surgeon 
can sometimes feel the tumour at laparotomy. IOUS combined 
with surgical palpation has a very high sensitivity of nearly 100%, 
but does require very experienced operators and complete expo¬ 
sure and assessment of the whole pancreas. 113 Laparoscopic US 
can also be used and has been reported to have high sensitivity of 
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Figure 16.44 Neuroendocrine tumours. A: Incidental hypoechoic NET extending anterior to an echogenic pancreas, surrounded by 
some hypoechoic intra-abdominal fat and against the undersurface of an echogenic liver. B: Corresponding CT showing marked arterial 
phase enhancement of tumour (arrows). C: EUS showing a hypoechoic nodule just visible within a hypoechoic pancreatic tail. D: EUS FNA 
confirmed a NET. 


80-90% for detecting small NETs (Fig. 16.13), which may then be 
possible to resect laparoscopically. 120 

Non-functioning NETs are well defined on US and usually easy 
to see because of their size at presentation. They often have areas 
of necrosis, haemorrhage or calcification, and so are heterogeneous 
on US (Fig. 16.46). Larger lesions may show cystic degeneration. An 
irregular or ill-defined margin is suggestive of malignancy. 116 

Miscellaneous tumours 


Lymphoma 

Pancreatic lymphoma is rare. Primary pancreatic lymphoma may 
be large and multifocal and there may be enlarged peripancreatic 
nodes, but it is not usually associated with significant lymphaden- 
opathy elsewhere. 121 Secondary involvement of the pancreas may 
occur, usually with widespread lymphadenopathy and often 
hepatosplenomegaly. On US pancreatic lymphoma appears 


as hypoechoic focal or diffuse pancreatic enlargement (Fig. 16.47). 
Features that should increase suspicion for pancreatic lymphoma 
include: pancreatic duct not significantly dilated despite the pres¬ 
ence of a large mass; no significant parenchymal atrophy; and 
enlarged nodes below the level of the renal hilum. 122 Biopsy is 
important if pancreatic lymphoma is suspected since most cases 
respond well to chemotherapy. 123 

Metastases 

These can occur from lung, GI tract, breast, kidney or melanoma, 124 
and may be seen as focal or multifocal masses or diffuse pancreatic 
enlargement. The commonest primary tumour to metastasise to the 
pancreas reported in surgical resection series is renal cell cancer. 125 
The tumours may be solid or cystic, and are usually hypoechoic on 
US (Fig. 16.48). 

Many cases detected present late after the original diagnosis or 
surgical resection of the primary cancer, and surgical resection has 
been reported with good survival rates. 126 
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Figure 16.45 NETs on EUS. A: Hypoechoic insulinoma. B: Extra-pancreatic gastrinoma, relatively echogenic. C: Cystic extra-pancreatic 
gastrinoma. D: Corresponding EUS views of thickened gastric folds, in keeping with hypergastrinaemia. 
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Figure 16.46 Large NET. A: Large mass arising from tail of pancreas (arrow). B: Corresponding CT with pancreatic tail mass (arrow) and 
numerous cystic liver metastases. 



Figure 16.47 Lymphoma. A: Focal mass in pancreatic tail in HIV-positive patient; biopsy showed this to be lymphoma. B: Large mass in 
head of pancreas (m) with multiple adjacent enlarged nodes (arrows). 



Figure 16.48 Metastases. A and B: Focal hypervascular mass (arrows) in pancreatic tail several years after resection of a renal cancer. 
EUS FNA confirmed a renal cancer metastasis. 
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PANCREATIC BIOPSY 


Indications 


Although certain imaging findings suggest specific causes of pan¬ 
creatic masses, the imaging features do overlap. Patients found to 
have a potentially resectable pancreatic mass generally should not 
have a biopsy for confirmation - these patients are worked up for 
surgical resection. 127 A small proportion of patients who have had 
resections will have benign pathology on histology, most com¬ 
monly focal pancreatitis mimicking pancreatic cancer. Patients who 
are thought to be surgically resectable should only proceed to 
biopsy if they are not suitable for surgery for other reasons. In these 
patients and in others who have extensive inoperable local or meta¬ 
static pancreatic tumours, tissue confirmation of the diagnosis is 
appropriate to allow any alternative treatment such as chemother¬ 
apy and for prognostic purposes. Another group of patients in 
whom biopsy is appropriate is patients whose imaging and clinical 
presentation is atypical for pancreatic cancer, and the possibility 
exists of diagnoses such as lymphoma or a benign mass, which 
would require different management strategies. There may be an 
argument for not subjecting some patients to a biopsy if there is a 
typical imaging appearance of adenocarcinoma and no further 
management change is likely based on the results. 128 Such patients 
may include very elderly or frail patients in whom chemotherapy 
may not be appropriate. 

Techniques 


Percutaneous biopsy is performed with CT or US guidance, and an 
increasingly used alternative is EUS-guided FNA or core biopsy 
(Figs 16.12B, 16.44D, 16.49). Although CT guidance is often pre¬ 
ferred for FNA or Tru-cut biopsy of pancreatic masses, US guidance 
has significant advantages if the mass is well seen. Sometimes a 
mass may be easier to see with US than with CT. Smaller masses 
are more effectively biopsied using US since the mass can be fixed 
and held down by the US transducer and the biopsy needle-tip 
guided into the mass, and the position of the needle-tip confirmed 
immediately after biopsy. US-guided pancreatic biopsy is generally 
a quicker technique than CT-guided biopsy. For difficult cases a 
combination of US and CT guidance can be used. EUS-guided 
biopsy is the safest technique since the mass is seen up against 
the duodenal or gastric wall, and so the needle only has to take a 
short track to reach the mass. EUS FNA of pancreatic masses 
using a 19-21G needle has been widely performed and reported 



Figure 16.49 Biopsy. Echogenic needle tract (arrows) through 
pancreatic head mass close to plastic stent. 


(recommended number of passes: seven), and more recently EUS- 
guided core biopsy has been reported. 127 The main advantage of 
using EUS is the easier targeting of smaller pancreatic masses, com¬ 
bined with the likelihood of fewer complications. The presence of 
a cytotopathologist during EUS FNA has been shown to improve 
sensitivity significantly and reduces the number of unnecessary 
passes once adequate diagnostic tissue is obtained. 127 

Percutaneous US-guided biopsy is performed after the patient 
has fasted for 6 hours, and any coagulopathy or low platelet count 
excluded. Sedation is not generally used, but should be considered 
for difficult cases or repeat biopsies. For head of pancreas masses a 
longitudinal US transducer position is ideal, allowing the mass to 
be targeted from an inferior position, angling the needle caudocra- 
nially. An attempt is made to avoid transverse colon and any major 
vessels, although it is likely that any small venous collaterals 
become compressed during transducer pressure and can be difficult 
to avoid - however, the risk of significant bleeding from these 
vessels is low. Also, it is unlikely that traversing the transverse 
colon results in any significant complications. 129 

The advantage of obtaining a core biopsy over an FNA is that a 
better tissue sample is usually obtained for histological evaluation 
and immunohistochemical staining, allowing more reliable diagno¬ 
sis of NETs and lymphoma. 130 

Results 


Reported studies with all techniques have shown very good sensi¬ 
tivities and specificities. 

Most reported studies on percutaneous techniques have used 
CT- or US-guided fine-needle aspiration (FNA). Percutaneous core 
biopsy reports have been small series with variable techniques and 
wide variations in reported sensitivities of 45-91%. 128 One large 
multicentre study reported US-guided fine-needle cytology and 
histology sensitivities of 87% and 94%, respectively. 131 Another 
large series reported the accuracy of US-guided biopsy to be 95%, 
compared to 86% for CT-guided biopsy. 119 

A study comparing EUS biopsy and CT/US biopsy showed 
similar accuracies of 76% and 81%, respectively, 132 with EUS being 
used mainly for smaller and more difficult lesions. There have been 
numerous publications of the results of EUS FNA of pancreatic 
masses, with sensitivities of 85-90%, and specificities of almost 
100%. 127,133 The results depend on operator experience, the presence 
of a cytopathologist, and the nature of the pancreatic mass. 134,135 
Well-differentiated adenocarcinoma, necrotic or cystic tumours, or 
associated chronic pancreatitis/desmoplastic reaction all contribute 
to difficulty in obtaining a reliable pathological diagnosis, and a 
19G EUS Tru-cut core biopsy needle has been developed for better 
tissue samples. 136 However, experience with the EUS Tru-cut needle 
has not been good compared to EUS FNA in terms of diagnostic 
samples obtained, although combining FNA and Tru-cut EUS biop¬ 
sies has given better results than FNA alone, 96% versus 87%. 133 

Repeating an initially negative biopsy is appropriate in most 
cases; sometimes multiple biopsies are required to make a diagno¬ 
sis. 128 However, obtaining a false negative biopsy may delay diag¬ 
nosis and treatment, and should not prevent surgery if there is a 
high clinical and radiological suspicion of pancreatic malignancy 
- in these circumstances a biopsy is not indicated. 137 If the mass is 
not thought to be surgically resectable, or the patient is unfit for 
surgery, then repeating an initially negative biopsy is usually 
appropriate to guide further management. 128 

Complications 


The complication rate for pancreatic biopsy is low, theoretically 
greater for percutaneous targeted biopsies compared to EUS 
guidance. 

For percutaneous biopsies, the minor complication rate is up to 5%, 
mainly post-procedure pain, and the major complication rate is about 
1% including bleeding, duodenal perforation and abscess. 128,129,131 










Pancreatic transplantation 


With EUS-guided biopsies, the reported complication rate is 
1-3%, the most frequent being self-limiting pain or mild pancreati¬ 
tis; others include a small haematoma and very rarely duodenal 
perforation. 127 ' 133 ' 138 

Although the risk of peritoneal seeding with percutaneous biopsy 
of tumours is unclear, it is theoretically reduced with EUS-guided 

biopsy. 127 ' 139 

False positive biopsies are rare, but can occur and are usually due 
to misinterpretation by the cytopathologist. 140 


Miscellaneous tumours; pancreatic biopsy 

• Pancreatic lymphoma should be considered as a cause of a 
pancreatic mass if there are significantly enlarged adjacent lymph 
nodes, or a large mass without biliary or pancreatic duct 
dilatation. 

• Pancreatic metastases can occur from renal cancer and 
melanoma, as well as cancers of the breast, lung and Gl tract. 
Cases may present late after the diagnosis of the primary cancer. 

• Biopsy is not indicated if a pancreatic mass is potentially 
resectable and likely to be a cancer. 

• If the mass is inoperable, or there are atypical clinical or imaging 
features, then biopsy should be considered. This is often with CT 
or US guidance, but EUS-guided FNA and core biopsies are 
being increasingly performed. 

• Complication rates from pancreatic biopsies are low, and 
EUS-guided biopsies are probably the safest. 


PANCREATIC TRANSPLANTATION 

Pancreatic transplantation is being increasingly performed through¬ 
out the world, with more than 15 000 transplantations reported to 
the International Pancreas Transplant Registry as of October 2000. 141 
It can result in very good glucose control in diabetics and poten¬ 
tially reverse some of the complications. There has been a signifi¬ 
cant improvement in surgical technique, resulting in low mortality 
and 1-year graft function rates of up to 84%. 141 Pancreatic transplant 
is often combined with renal transplant in diabetic patients with 
end-stage nephropathy. 

The most frequent operation involves transplanting the whole 
pancreas and duodenum onto the bladder with a duodenovesical 
anastomosis, the donor coeliac axis and superior mesenteric artery 
connected to the recipient common or external iliac artery, and the 
donor portal vein anastomosed to the recipient common or external 
iliac vein (Fig. 16.50A). Although this has a technically low compli¬ 
cation rate, problems occur with venous outflow from the pancreas 
into the systemic circulation rather than the portal venous system, 
resulting in hyperinsulinism and early atherosclerosis. Also, exo¬ 
crine secretions into the bladder can cause recurrent urinary tract 
infections, and graft pancreatitis can occur secondary to reflux. 

To try to avoid these problems, grafts are increasingly being 
performed with portal-enteric drainage, so that the donor duode¬ 
num is anastomosed to jejunum and pancreatic venous outflow is 
drained into recipient superior mesenteric vein (Fig. 16.50B). 

Postoperative complications include graft rejection, infection, 
pancreatitis, fluid collections, anastomotic leaks, vascular thrombo¬ 
sis and haemorrhage. The graft rejection rate is 7-9% after 1 year. 142 
There are often no symptoms to suggest graft dysfunction, and so 




Figure 16.50 Pancreatic transplant. A: Diagram showing duodenovesical anastomosis (arrow). The donor aortic segment (a) containing 
the coeliac axis and SMA is attached to the recipient common iliac artery, and the donor portal vein (v) is attached to the common iliac 
vein. B: Diagram showing duodeno-jejunal anastomosis (arrow) with venous drainage into the recipient SMV. B, bladder; D, donor 
duodenum attached to pancreas; IVC, inferior vena cava; PV, portal vein; S, stomach; SMV, superior mesenteric vein. 
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Figure 16.51 Pancreatic transplant. Normal post-transplant 
pancreas just deep to the abdominal wall, with a normal pancreatic 
duct (arrow). (Courtesy of Dr Paul Tait.) 


regular postoperative monitoring of biochemical markers is under¬ 
taken. Serum creatinine can be useful if a renal transplant has also 
been performed (since rejection usually involves both grafts), but 
otherwise assessment for rejection is difficult since biochemical 
markers such as amylase are not sensitive or specific, and surveil¬ 
lance US-guided biopsy of the pancreas is often used. 142 

US is the main initial imaging modality in assessing pancreatic 
transplants and detecting postoperative complications. 143 However, 
good visualisation of the transplanted pancreas is not always pos¬ 
sible; it may be quite difficult to detect but any surrounding fluid 
collection makes it easier to define. The normal pancreatic trans¬ 
plant has soft tissue echogenicity surrounded by more echogenic 
omental and peritoneal fat (Fig. 16.51). Fluid collections are easy to 
see on US but non-specific and may be due to blood, urine, ascites 
or infection. Pancreatic necrosis may occur secondary to infection, 
and any air within the pancreas warrants CT to confirm infected 
necrosis. 

The US findings of rejection and pancreatitis can be subtle and 
non-specific, making them difficult to diagnose and differentiate 
with US alone, and interpretation must be in conjunction with clini¬ 
cal and biochemical findings. US may show gland enlargement, 
poor definition of the margins and increased/heterogeneous echo- 
texture in rejection and pancreatitis. 144 

Colour Doppler evaluation of the vessels may be very useful if 
CT cannot be used because of a high serum creatinine. Complica¬ 
tions such as thrombosis, strictures and pseudoaneurysms may be 
detected. Echogenic thrombus can be detected, but if there is fresh 
thrombus it can appear very hypoechoic and confirmation of absent 
flow should be made with colour flow and Doppler analysis. Stric¬ 
tures should be suspected if there is high velocity or turbulent flow 
at anastomoses. 

Percutaneous biopsy performed with US guidance is used for 
evaluating the graft if the biochemical markers and sonographic 
findings suggest an abnormality, or as part of surveillance for graft 
rejection. 145 An 18-gauge core biopsy needle is inserted directly into 
the pancreas under US guidance and usually two samples are 
taken, the success rate being as high as 96%. 145 The complication 
rate is low and includes intra-abdominal bleeding, haematuria, 
pancreatitis and pain, occurring in approximately 2-3% of cases. 141,142 
Poor visualisation of the transplant because of adjacent bowel or a 
small transplant can result in technical failure. 


Pancreatic transplantation 

• Pancreatic transplantations are being increasingly performed with 
low mortality and 1-year graft function rates of up to 84%. 

• Pancreatic and renal transplants are often combined in diabetic 
patients with end-stage nephropathy. 

• The preferred technique is the donor duodenum (with pancreas) 
anastomosed to the recipient jejunum and venous flow to the 
SMV, rather than duodenum to bladder and venous flow to iliac 
vein as was originally done. This reduces complications. 

• Graft dysfunction is often asymptomatic, and so regular 
monitoring is needed. Biochemical markers and US features of 
rejection are non-specific, and surveillance US-guided biopsy of 
the graft is often used. 

• US is the main modality in the initial imaging assessment of 
pancreatic transplants, and may show collections or vascular 
problems. 

• US views of the pancreatic transplant may be poor because of 
adjacent bowel gas and/or a small transplant. CT or MRI may be 
needed for further evaluation. 


The limitations of US should be recognised and consideration 
given to other imaging modalities to answer any further specific 
questions. CT may define deeper collections more precisely, and CT 
angiography can give excellent detail of the vessels. MRI is being 
increasingly used in evaluating such patients, giving cross-sectional 
imaging information and allowing MR angiography for evaluating 
vascular anatomy. 
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INTRODUCTION 


Splenic pathology is uncommon and frequently clinically silent; for 
this reason the spleen has been named 'the forgotten organ'. 1 A 
great many different conditions may, however, affect the spleen, 
recognition of which will frequently be clinically relevant. There are 
also many congenital abnormalities of the spleen that must be rec¬ 
ognised in order to avoid diagnostic error. 

The spleen is readily accessible to sonographic examination. All 
general abdominal ultrasound studies should include evaluation of 
the spleen. Ultrasound is also ideally suited for the initial assess¬ 
ment of patients presenting with symptoms or signs of splenic 
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disease; abnormalities will thus be regularly encountered by most 
ultrasound practitioners. Whilst ultrasound is not always able to 
provide a definitive diagnosis, when combined with clinical, labora¬ 
tory and other imaging information a specific or short differential 
diagnosis is usually possible. 


FUNCTION 


The spleen has a number of important functions including: (1) hae¬ 
mopoiesis, (2) storage, (3) filtration and (4) participation in the 
immune response. 2 In the fetus it is a major source of red blood cell 
production and haemopoiesis can be reactivated in adult life in 
conditions of severe anaemia. The spleen stores red blood cells and 
platelets and acts as a filter, removing damaged red blood cells, 
bacteria and other particulate matter. It performs an important role 
in immune function stimulating antibody production and is a major 
reservoir of lymphocytes. Splenectomy or functional hyposplenia is 
associated with an increased risk of severe infection, particularly in 
children. Splenectomy also appears to result in an increased risk of 
pulmonary embolism. 3 


EMBRYOLOGY, ANATOMY AND 
MICROSTRUCTURE 


The spleen begins to develop in the fifth week of fetal life from 
mesenchymal cells in the dorsal mesogastrium arising from multi¬ 
ple lobules which fuse before birth. As development proceeds, the 
stomach rotates around its long axis, swinging the dorsal mesogas¬ 
trium to the left creating the lesser peritoneal sac and splenorenal 
ligament. 4,5 The dorsal mesentery between the spleen and stomach 
forms the gastrosplenic ligament and there is a further attachment 
with the diaphragm and splenic flexure of the colon (phrenicocolic 
ligament). The spleen is thus intraperitoneal apart from a small bare 
area, which can be helpful in distinguishing ascitic from pleural 
fluid on imaging studies. 6 

The spleen lies in the left upper quadrant of the abdomen with 
its long axis in the line of the tenth rib. It has a curved wedge or 
'domed tetrahedral' shape with superolateral and inferomedial sur¬ 
faces. 7 The superolateral surface is smooth and in contact with the 
left hemidiaphragm. The inferomedial surface is convex and has 
impressions from the adjacent stomach, kidney, pancreas and 
splenic flexure of the colon (Fig. 17.1). The splenic hilum, in the 
inferomedial surface, transmits branches of the splenic artery, vein, 
lymphatics and nerves. The splenic artery is usually a branch of the 
coeliac axis; it has a tortuous course passing superolaterally initially 
above and then behind the pancreas before entering the splenorenal 
ligament and dividing as it approaches the splenic hilum. It gives 
off branches to the pancreas, the left gastroepiploic and short gastric 
arteries which pass into the gastrosplenic ligament. The splenic vein 
is formed from two to six splenic tributaries and receives the short 
gastric, left gastroepiploic, pancreatic veins and the inferior 
mesenteric vein. It runs below the artery, posterior to the pancreas, 
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Figure 17.1 Diagrammatic representation of the anatomical relations of the spleen (stomach removed and position indicated by 
the dotted lines). 



terminating at its confluence with the superior mesenteric vein to 
form the portal vein. The lymphatic drainage of the spleen runs 
adjacent to the splenic vessels to nodes around the coeliac axis. The 
spleen is innervated mainly from sympathetic nerves; referred pain 
from the spleen is usually localised to the epigastrium and left 
upper quadrant. 

Microscopically the spleen has two major components: the red 
and white pulps, supported by a fibrous trabecular framework. The 
white pulp consists of sheaths of lymphoid cells around splenic 
arterioles; in many areas these sheaths are focally enlarged, forming 
lymphoid follicles. The red pulp makes up most of the splenic 
volume and consists of venous sinusoids and splenic cords. Arteri¬ 
oles that have passed through the white pulp divide into capillaries 
which then terminate either directly into the splenic sinusoids 
(closed circulation) or alternatively into macrophage-rich cord 


space between the sinusoids (open circulation). Transit times 
through the spleen are much faster for blood passing through the 
closed system than the open system. 


EXAMINATION TECHNIQUE 


A coronal (longitudinal) view of the spleen can usually be obtained 
with the patient supine or lying in the right lateral decubitus posi¬ 
tion with the transducer in the mid-axillary line; it is often helpful 
to raise the patient's left arm. The spleen is examined in its entirety 
through the intercostal spaces in longitudinal and transverse planes 
(Fig. 17.2). Scans are performed in suspended respiration and it is 
frequently necessary to try different phases of respiration to achieve 
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complete visualisation. Subcostal, anterior and posterior approaches 
are not usually helpful unless the spleen is enlarged. The spleen can 
also be examined with endoscopic ultrasound (Fig. 17.3). 

The spleen is ideally suited to examination with ultrasound 
microbubble contrast agents. Contrast-enhanced ultrasound 
(CEUS) examinations are performed in real-time following intra¬ 
venous injection of second-generation ultrasound contrast media. 



Figure 17.3 Endoscopic ultrasound image of a normal 
spleen. 


Contrast-specific low acoustic power machine presets are required 
which result in almost complete suppression of tissue echoes from 
the splenic parenchyma. Indications for CEUS include: 8 

1. focal splenic or perisplenic lesions (particularly splenunculi) 

2. diffuse inhomogeneity of the splenic parenchyma 

3. assessment of splenic trauma. 

Almost all focal splenic pathology is hypovascular relative to 
normal splenic tissue; thus abnormalities are evident as echo-poor 
defects. CEUS often greatly increases the conspicuity of focal splenic 
lesions (Fig. 17.4). 9 However, its ability to characterise splenic 
masses is less well established. 


NORMAL ULTRASOUND FINDINGS 

The spleen has a uniform echotexture that is similar to liver paren¬ 
chyma; the capsule usually cannot be appreciated sonographically. 
Normal echogenicity is greater than that of liver and kidney; in 
some patients the left lobe of the liver may extend into the left 
hypochondrium, allowing a direct comparison of the relative echo¬ 
genicity of spleen, liver and kidney (Fig. 17.5). In patients with 
fatty infiltration of the liver, the normal difference in echogenicity 
may be reversed. The splenic vessels can usually be identified enter¬ 
ing and leaving the spleen at the hilum (Fig. 17.6) before passing 



Figure 17.4 A small echo-poor splenic mass that is poorly appreciated on conventional greyscale ultrasound (A, arrow) but is easily 
seen with CEUS (B). 
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Figure 17.5 The left lobe of the liver extends above the 
spleen in this patient, allowing direct comparison of the (normal) 


differences in echogenicity between spleen (S), liver (L) and 
kidney (K). 



Figure 17.6 Colour Doppler image demonstrating the splenic 
artery and vein dividing at the splenic hilum to enter the splenic 
parenchyma. 
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Figure 17.7 A: Tumour in the pancreatic tail (arrow) visualised using the spleen as an acoustic window. B: corresponding CT image. 
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Figure 17.8 In this patient with ascites the gastrosplenic 
ligament is outlined by ascitic fluid (arrows); the position of the 
lesser sac (LS) and stomach (ST) are shown. 


posterior to the pancreas. The pancreatic tail often lies in the spleno¬ 
renal ligament and can sometimes be well seen using the spleen as 
an acoustic window (Fig. 17.7). In some patients with ascites the 
gastrosplenic ligament may be visualised (Fig. 17.8). 

CEUS studies show avid splenic parenchymal enhancement 
approximately 15 seconds after injection. Initially (arterial phase) 
enhancement is inhomogeneous due to differential flow rates 
through the open and closed splenic circulation, analogous to the 
appearances of normal arterial phase CT. After 30-60 seconds (late 
phase) enhancement becomes homogeneous and persists for 5-7 
minutes, well beyond blood-pool enhancement, due to microbubble 
accumulation in the spleen (Fig. 17.9). 10 

Splenic size 


Splenic size 

• Clinical examination is imprecise in detecting splenomegaly. 

• A single longitudinal ultrasound measurement of the spleen 
accurately correlates with splenic size. 

• Assessment of splenic size must pay due regard to the patient’s 
age, sex and body habitus. 

• The spleen increases in size during normal pregnancy. 

• A small and hypovascular spleen may indicate functional 
hyposplenia. 


than 11 cm, breadth less than 7 cm and thickness less than 5 cm. 17 
Another study found that a length of over 12 cm was two standard 
deviations above the mean. 18 However, a study of normal college 
athletes found that 7% had a spleen length of greater than 13 cm. 19 
The weight of the spleen is greater in males, increases with increas¬ 
ing body weight, height and surface area and declines with age after 
early adulthood. 20 It is difficult therefore to give a single measure¬ 
ment for the upper limit of splenic size that is applicable to all 
patients and the sonologist will need to make a judgement based 
on the patient's age, sex and body habitus. As a guide it is often 
considered that a measurement less than 12 cm is normal, 12-13 cm 
indeterminate and more than 13 cm enlarged. 

The spleen shows a linear increase in size in healthy women 
throughout pregnancy 21,22 and changes in size of the spleen have 
also been documented following abdominal trauma 23 and as an 
adaptation to high altitude. 24 

Small splenic size (length <7 cm, width <3 cm) may indicate func¬ 
tional hyposplenia, particularly if accompanied by absent or 
reduced parenchymal blood flow on colour Doppler or CEUS 
examination. 1,25 This is a potentially important finding in view of 
the association with overwhelming infection. 


Physical examination only has 56-82% sensitivity for identifying 
splenomegaly in comparison with imaging studies. 11 Ultrasound is 
a simple and reliable method for measuring splenic size. Size is 
usually assessed by a single longitudinal length measurement. This 
has been shown to have good correlation to actual splenic length, 
volume and weight on cadaveric studies and to in-vivo calculations 
of splenic volume. 12,13 Area and volume calculations based on 2D 
and 3D ultrasound have also been proposed but these more complex 
measurements are not used in routine clinical practice. 14-16 

The spleen reaches maximum size soon after puberty but there 
are conflicting data regarding the normal size of the adult spleen. 
One large study found 95% of subjects had a splenic length of less 


NORMAL VARIANTS AND CONGENITAL 
ABNORMALITIES OF THE SPLEEN 

Septation, clefts and notches 


Incomplete fusion of the splenic lobules may result in clefts or 
notches in the normally smooth superolateral surface (Fig. 17.10); 
these can occasionally be misinterpreted as lacerations in the setting 
of abdominal trauma. 26 Echogenic septation is sometimes seen 
between splenic lobules (Fig. 17.11). 
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Figure 17.9 Normal appearance of the spleen following ultrasound contrast medium injection. A: In the early (arterial) phase 
there is inhomogeneous enhancement due to differential circulation in the open and closed systems. B: In the same patient in the late 
phase there is uniform enhancement. 



Figure 17.10 Large cleft in the superolateral surface of the Fjgure 17 , 12 Accessory spleen (arrows) in a typical location 
spleen (arrows). media| t0 the sp|een> 
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Figure 17.11 Echogenic septation running through the splenic 
parenchyma. (Courtesy of Dr P Allan, Royal Infirmary, Edinburgh, 
UK.) 


Accessory spleens/splenunculi 
and splenosis 


Accessory spleens (splenunculi) arise due to failure of fusion of one 
or more of the splenic lobules. They occur in 10-30% of patients on 
postmortem studies 26 and in approximately 2% more than one may 
be present. 27 Accessory spleens are most commonly located medial 
to the splenic hilum, adjacent to or within the pancreatic tail or 
below the spleen (in the splenorenal ligament). Rarely they may be 
located elsewhere in the abdomen. 28 

Sonographically accessory spleens are usually homogeneous, 
round, smaller than 2 cm in diameter and identical in echogenicity 
to the spleen (Fig. 17.12). 27 The presence of a vascular pedicle and 
vascular supply from the main splenic vessels can frequently be 
demonstrated with Doppler ultrasound and are helpful diagnostic 
features. 29,30 Diagnosis is not usually difficult but errors may arise, 
particularly: 

1. post splenectomy 31 

2. when the accessory spleen is located in the pancreatic tail 
where it may mimic a pancreatic mass 32,33 

3. when the accessory spleen is unusually located 
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4. in patients with a history of malignancy where it may 
resemble tumour recurrence or lymphadenopathy. 34 

In difficult cases CEUS can be helpful; the vascular hilum is 
demonstrated in the early arterial phase followed by uniform 
parenchymal uptake identical in appearance and timing to the 
normal spleen. 1,9 Persistent delayed enhancement allows differen¬ 
tiation from pathological masses. If accessory spleens are not rec¬ 
ognised and removed at splenectomy for haematological or 
neoplastic disease, they can form a site for disease relapse (Fig. 
17.13); conversely, if preserved at splenectomy for trauma, they 
may preserve immune function. 35 

Splenosis refers to the autotransplantation of splenic tissue fol¬ 
lowing trauma or surgery. In one ultrasound study it could be 
identified in approximately a third of patients post splenectomy. 36 
Splenosis most commonly occurs in the abdomen but may also be 
seen in the thorax. 35 The masses are rounded and uniform and may 
be found anywhere in the abdomen or pelvis (Fig. 17.14); they do 
not have a pathognomonic ultrasound appearance and can be 
wrongly interpreted as pathological masses or tumour recur¬ 
rence. 37-40 Post-splenectomy status should alert the sonologist to the 
possibility of this condition; scintigraphy using labelled heat- 
damaged red blood cells can provide a definitive diagnosis. 41 


Wandering spleen 


Wandering spleen is a rare condition in which the spleen is exces¬ 
sively mobile and migrates from its expected position to ectopic 
sites in the abdomen or pelvis (Fig. 17.15). It is most commonly 
congenital in origin due to underdevelopment or elongation of the 
supporting ligaments. Excessive splenic mobility may also be 
acquired in conditions such as pregnancy, abdominal wall laxity or 
splenomegaly. 42,43 Diagnostic errors where the spleen is misinter¬ 
preted as a pathological mass can occur, particularly when absence 
of the spleen from the splenic fossa has not been appreciated. A 
wandering accessory spleen has also been reported. 44 

The wandering spleen is usually asymptomatic but patients may 
present with abdominal pain due to torsion. This complication 
should be considered when ultrasound shows an abnormally 
located spleen with low echogenicity and when colour flow cannot 
be identified in the splenic parenchyma or pedicle. 45 Sonographic 
diagnosis of torsion of a wandering spleen that remains in the 
left upper quadrant is more difficult but a splenic hilar mass, rep¬ 
resenting the torted splenic pedicle, may be seen. 46 The tail of the 
pancreas can be involved in the torsion and result in acute 
pancreatitis. 47,48 




Figure 17.13 Recurrent littoral cell angioma in an accessory spleen post splenectomy. A: Greyscale image showing a soft tissue 
mass in the splenic bed representing a accessory spleen. B: CEUS demonstrates a number of ill-defined hypovascular nodules within the 
accessory spleen in the late phase of enhancement (arrows). C: Corresponding CT image showing recurrent nodules of littoral cell 
angioma (arrows). 
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Figure 17.14 Splenosis following splenectomy. A: Ultrasound. B: CT appearances showing a soft tissue nodule adjacent to the left 
kidney representing splenosis (arrow). 



Figure 17.15 Wandering spleen in the pelvis mimicking a pathological pelvic mass. A: Transvaginal ultrasound image. 
B: Corresponding T2-weighted sagittal MRI image showing the ectopic spleen (arrows) above the uterus. (Courtesy of Dr H. 
Andrews, Bristol Royal Infirmary, UK.) 


Heterotaxy syndrome: 
polysplenia and asplenia 


The normal asymmetrical arrangement of the heart and viscera is 
referred to as situs solitus and the mirror image situs inversus. 
Heterotaxy syndromes are present when the arrangement of the 
organs is abnormally symmetrical and different from situs solitus 
or inversus. There is a strong association with congenital heart 
disease (50-100%) and intestinal malrotation (predisposing to vol¬ 
vulus). 49,50 There are two major groups of heterotaxy: (1) asplenia 
(bilateral right-sidedness) and (2) polysplenia (bilateral left¬ 
sidedness), although there is a wide spectrum lying between the 
two extremes. 49 Abnormalities include midline position of the 


liver, indeterminate position of the stomach, left-sided position or 
interruption of the inferior vena cava, malrotation of the small 
intestine and symmetry of the cardiac atria and lungs. In asplenia 
the spleen is absent; in polysplenia patients typically have multiple 
spleens located along the greater curve of the stomach (Fig. 17.16). 
Death occurs in the first year of life in 60% (polysplenia) to 80% 
(asplenia) of patients. 

Ultrasound is a valuable imaging modality in these patients to 
evaluate the presence, number and position of spleens and the 
appearance of the great vessels. It is usually combined with chest 
radiography, echocardiography and barium studies to fully define 
the anatomy. Occasionally heterotaxy will be discovered as an inci¬ 
dental finding in an adult patient without congenital heart disease 
on an abdominal ultrasound study. 
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Figure 17.16 Heterotaxy syndrome (polysplenia). In this asymptomatic patient ultrasound demonstrates A: three splenic masses on 
the right side of the abdomen, B: midline liver with anomalous drainage of the hepatic veins above the diaphragm. C: Corresponding 
CT image. 


SPLENOMEGALY 


There are a great many causes of splenomegaly which can be 
divided into several categories (Table 17.1). 51 In Western Europe 
and the USA viral infection, portal hypertension and haematologi- 
cal causes are most prevalent, in tropical areas protozoal infection 
and haemolytic anaemias predominate. 

Correct identification of the cause of an enlarged spleen is fre¬ 
quently impossible by ultrasound alone. Correlation with clinical 
and laboratory findings is usually necessary to make the correct 
diagnosis. Ultrasound can, however, confirm that splenomegaly is 
present and quantify it. Sometimes the spleen is so large that accu¬ 
rate measurement is not possible within the ultrasound sector; in 
this situation extended field of view imaging can be helpful (Fig. 
17.17). Ultrasound can also identify and characterise focal splenic 
lesions and recognise ancillary findings that may point to the cause 
of splenic enlargement; a specific search should be made for fea¬ 
tures of portal hypertension and chronic liver disease (Fig. 17.18) 
and for abdominal lymphadenopathy which may indicate lym¬ 
phoma (Fig. 17.19). 


FOCAL LESIONS OF THE SPLEEN 


Focal lesions of the spleen are relatively rare, being present in only 
0.2-1% of all abdominal ultrasound examinations. 9 The majority are 
hypoechoic relative to normal splenic parenchyma; benign lesions 
are slightly more common than malignant. 52 


Splenic tumours 


Lymphoma 

Fymphoma accounts for 4-6% of adult tumours in the UK and USA 
and is the most common malignancy affecting the spleen. 53-55 
Primary splenic lymphoma is rare and the vast majority of splenic 
lymphoma occurs as part of secondary disease in which 10-40% of 
patients have splenic involvement at presentation. 53,55,56 Hodgkin's 
disease (HD) has a bimodal incidence with peaks in the third and 
fifth decades of life. Non-Hodgkin's lymphoma (NHF) increases in 
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Table 17.1 Some causes of splenic enlargement 

Category 

Type 

Example 

Infection 

Acute viral and bacterial infections 

Infectious mononucleosis, bacterial endocarditis 


Chronic bacterial infections 

Brucellosis, tuberculosis 


Chronic viral infections 

AIDS 


Protozoal infections* 

Malaria, leishmaniasis, schistosomiasis 


Tropical splenomegaly 


Congestive 

Posthepatic 

Budd-Chiari syndrome, right heart failure 


Hepatic 

Cirrhosis 


Prehepatic 

Portal/splenic vein thrombosis or compression 

Lymphohaematological, 

non-neoplastic 

Haemolytic anaemia 

Sickle cell disease, thalassaemia, hereditary spherocytosis 


Idiopathic thrombocytopenic purpura 
Myeloproliferative disorders 

Myelofibrosis*, polycythaemia vera 

Lymphohaematological, 

neoplastic 

Lymphoma 

Hodgkin’s disease, non-Hodgkin’s lymphoma 


Leukaemia 

Chronic myeloid leukaemia*, chronic lymphocytic leukaemia 

Immunological/ 

Inflammatory 


Rheumatoid arthritis, systemic lupus erythematosus 

Storage diseases* 


Gaucher’s disease, Niemann-Pick disease, 
mucopolysaccharidoses 

Miscellaneous 


Amyloid, sarcoidosis, focal splenic masses 


*Commonly causes massive splenomegaly. 



Figure 17.17 Massive splenomegaly due to myelofibrosis. A: On a standard ultrasound image the spleen is too large for 
measurement within the ultrasound sector. B: Extended field of view imaging allows the entirety of the spleen to be imaged and measured. 



Figure 17.18 Splenomegaly due to liver cirrhosis: large 
splenorenal varices are seen medial to the lower third of the spleen. 
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Figure 17.19 Extensive echo-poor retroperitoneal 
lymphadenopathy encasing the aorta (AO) in a patient with 
lymphoma and splenomegaly. 
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Figure 17.21 NHL with a large nodular deposit. 



Figure 17.20 Low-grade NHL showing sparse small echo- 
poor nodules. 


Figure 17.22 NHL with bulky disease and infiltration of the 
pancreatic tail (arrows). 


incidence from the fifth decade and represents a diverse group of 
lymphatic malignancies. NHL is more likely to affect extranodal 
sites (including the spleen) than HD, 54 generally carries a worse 
prognosis and can be broadly divided into low-grade and high- 
grade groups. Low-grade NHL is usually widely disseminated at 
presentation and is a slowly progressive disease; high-grade NHL 
more often presents with rapidly progressing localised disease. 
Accurate anatomical staging of disease is important, particularly in 
HD, to select appropriate treatment regimens with a minimum of 
toxicity. CT and MRI, rather than ultrasound, are the mainstays of 
staging although positron emission tomography CT (PET-CT) is 
now becoming increasingly important. 

Standard imaging techniques (ultrasound, CT and MRI) have a 
low sensitivity in detecting lymphomatous infiltration of the spleen 
although PET-CT may perform better. 57,58 Historically this resulted 
in the need for staging laparotomy and splenectomy in many 
patients with HD. 59,60 Fortunately modern treatment regimens mean 
that surgery is no longer recommended and failure to detect splenic 
involvement does not adversely affect prognosis. 55 

The size of the spleen is not a reliable predictor of lymphomatous 
involvement. In up to one-third of patients the spleen will appear 
normal in size despite infiltration being present. Conversely reac¬ 
tive splenomegaly is a common finding; mild to moderate splenic 
enlargement without infiltration occurs in approximately 30% of 
patients with HD and 70% of patients with NHL. 55 Massive 
splenomegaly, however, almost always indicates infiltration. 

A number of parenchymal sonographic abnormalities have been 
described in the lymphomatous spleen; in one study approximately 


15% of lymphoma patients had an abnormal ultrasound appearance 
of the splenic parenchyma. 61 Discrete focal lesions may be single or 
multiple and are invariably echo-poor relative to normal spleen; 61,62 
echogenic, calcified or cystic lesions are exceptionally uncommon. 
Patterns include: 

1. diffuse alteration of splenic echotexture. This is most 
commonly seen in HD and low-grade NHL and is often 
difficult to appreciate although ultrasound appears to be 
superior to CT in identifying this subtle type of 
involvement. 60,63 CEUS may help accentuate this 
heterogenicity 9,64,65 

2. small nodules (<3 cm) are most commonly seen in HD and 
low-grade NHL (Fig. 17.20) 

3. large nodules (>3 cm) are usually a feature of high-grade 
NHL (Fig. 17.21) 

4. bulky disease, which may extend outside the spleen to 
involve adjacent organs, is seen in high-grade NHL 
(Fig. 17.22). 

In view of the rarity of other splenic masses, detection of a hyp- 
oechoic rounded mass in the spleen of a patient with known lym¬ 
phoma can be regarded as evidence of involvement without the 
need for biopsy 61 although infarction (see below), which is common 
in patients with lymphoma, should be considered when typical 
lesions are identified. In many patients ultrasound will also be able 
to demonstrate intra-abdominal lymphadenopathy, nodes at the 
splenic hilum indicating splenic involvement (Fig. 17.23). 55 
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Figure 17.23 Splenic hilar lymphadenopathy in NHL (arrows). 


Lymphoma 

• Lymphoma is the most common malignancy affecting the spleen. 

• 10-40% of patients with lymphoma have involvement of the 
spleen at presentation. 

• All standard imaging techniques have limited accuracy in 
detecting lymphomatous infiltration of the spleen. 

• Reactive splenomegaly is common in patients with lymphoma. 

• Almost all focal lymphoma deposits are hypoechoic relative to 
splenic parenchyma. 


The incidence of NHL is increased in immunocompromised 
patients, particularly those with acquired immune deficiency syn¬ 
drome (AIDS) or patients receiving immunosuppression following 
organ transplantation (Fig. 17.24). AIDS-related lymphoma tends to 
present with high-grade and widespread disease with a greater 
incidence of extranodal involvement than in the general lymphoma 
population and it carries a poor prognosis. 66 

Splenic metastases 

The spleen is an uncommon site for non-lymphoid metastases; theo¬ 
ries that may account for this are related to the tortuosity of the 
splenic artery, absence of afferent lymphatic supply and anti¬ 
neoplastic immune nature of the spleen. When present, metastases 
are rarely isolated and are usually found in patients with dissemi¬ 
nated malignancy and a poor prognosis. 67 The most common meta¬ 
static lesions to the spleen arise from lung, cutaneous malignant 
melanoma and breast cancers. 68 

There are a variety of patterns of splenic metastasis. Lesions may 
be single or multiple, may occur in the parenchyma of the spleen 
or, in the case of ovarian cancer, may be distributed along the peri¬ 
toneal surface reflecting the trans-coelomic method of spread of this 
tumour. Splenic metastases are usually hypoechoic relative to adja¬ 
cent spleen parenchyma but may occasionally be cystic (particu¬ 
larly in melanoma due to necrosis, or in tumours producing mucin) 
or hyperechoic. A hypoechoic halo is occasionally seen but this is 
less common than in liver metastases (Fig. 17.25). 69,70 On CEUS 
metastases appear hypoechoic relative to splenic parenchyma in the 
late phase, facilitating their detection (Fig. 17.26). 8,10,65 


Figure 17.24 Post-transplant lymphoproliferative disease 
affecting the spleen: multiple ill-defined echo-poor nodules are 
demonstrated. (Courtesy of Dr P. Sidhu, King’s College Hospital, 
London, UK.) 


Primary malignant splenic tumours 

All primary non-lymphomatous malignant splenic tumours are 
exceptionally rare. The least uncommon is angiosarcoma, a highly 
malignant tumour with a very poor prognosis. Patients usually 
present with abdominal pain, fever, weight loss and/or a splenic 
mass but may also present with metastatic disease (most commonly 
to the liver) or haemoperitoneum due to splenic rupture. Sono- 
graphically most patients will have splenomegaly and a focal 
splenic mass or multiple nodules that usually have a heterogeneous 
appearance and often contain cystic spaces due to haemorrhage or 
necrosis. Other features include increased peripheral blood flow on 
Doppler examination, sonographic evidence of intra-abdominal 
metastases or haemoperitoneum (Fig. 17.27). 71,72 

Other rare malignant tumours of the spleen include fibrosarcoma, 
malignant fibrous histiocytoma, leiomyosarcoma and malignant 
teratoma. Littoral cell angioma (Fig. 17.13), haemangioendothelioma 
and haemangiopericytoma have a variable malignant potential. No 
pathognomonic imaging features of these tumours have been 
identified. 71 

Benign tumours of the spleen 

The most common benign splenic tumour is the haemangioma, 
which has cavernous and capillary types. Reported in 0.03-14% of 
patients on postmortem studies, they are less frequently seen on 
imaging investigations. 74 Haemangiomas are usually solitary, 
asymptomatic and an incidental finding; occasionally, however, 
they may be large and present with pain, mass, bleeding/rupture 
or the triad of anaemia, thrombocytopenia and coagulopathy 
(Kasabach-Merritt syndrome). Occasionally haemangiomas may 
be multiple and very rarely diffuse splenic angiomatosis may be 
encountered as an isolated finding or as part of a generalised angi¬ 
omatosis such as Klippel-Trenaunay syndrome (Fig. 17.28). 73 

The typical sonographic appearance of a splenic haemangioma is 
that of a well-circumscribed echogenic mass, sometimes with pos¬ 
terior acoustic enhancement, measuring less than 2 cm in diameter 
(Fig. 17.29); as an incidental finding this appearance can be assumed 
to be benign. 69 Atypical features include a hypoechoic appearance, 
internal cystic spaces, and calcifications (Fig. 17.30). 75 For hypoe¬ 
choic lesions CEUS can be used; small capillary haemangiomas may 
show pronounced arterial phase enhancement (Fig. 17.31). 65 Many 
haemangiomas show persistent late phase enhancement, appearing 
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Figure 17.25 Splenic metastases. A: Echo-poor metastases secondary to ovarian cancer; the complex fluid lateral to the spleen is 
secondary to pseudomyxoma peritonei. B: Isoechoic metastasis with an echo-poor halo secondary to breast cancer. C: Cystic metastases 
secondary to melanoma. (Part C courtesy of Dr P. Allan, Royal Infirmary, Edinburgh UK). 



Figure 17.26 Breast metastases. A: Greyscale imaging demonstrates an inhomogeneous splenic parenchyma with an abnormal surface 
contour. B: Following ultrasound contrast microbubble administration the metastases are more easily identified. 
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Figure 17.27 Splenic angiosarcoma. A: Ultrasound image shows a splenic mass that is predominantly echogenic but with a central 
cystic/necrotic component. B: Corresponding CT image showing the splenic mass and hypervascular liver metastases. (Reproduced from 
Abbott RM, Levy AD, Aguilera NS, Gorospe L, Thompson WM. Primary vascular neoplasms of the spleen: Radiologic-pathologic 
correlation. RadioGraphics 2004;24:1137-1163, provided courtesy of the Armed Forces Institute of Pathology, Washington, DC.) 



Figure 17.28 Splenic haemangiomatosis in Klippel-Trenaunay 
syndrome. Multiple small echogenic nodules are present 
throughout the splenic parenchyma. (Reproduced from Abbott RM, 
Levy AD, Aguilera NS, Gorospe L, Thompson WM. Primary vascular 
neoplasms of the spleen: Radiologic-pathologic correlation. 
RadioGraphics 2004;24:1137-1163, provided courtesy of the 
Armed Forces Institute of Pathology, Washington, DC.) 



336 Figure 17.30 Atypical haemangioma. A: Containing small cystic spaces (courtesy of Mrs J. Bates, St James University Hospital, Leeds, 
UK). B: Echo-poor haemangiomas (courtesy of Dr S. Elliot. Freeman Hospital, Newcastle, UK). 
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isoechoic in comparison with the normal spleen (Fig. 17.32). 8 Other 
lesions may be hypoechoic in the late phase and therefore impos¬ 
sible to differentiate from many other splenic lesions. 1,9 The typical 
nodular peripheral enhancement pattern with centripetal filling 
seen in liver haemangiomas appears to be uncommon. 9 For lesions 
with atypical features correlative CT, MRI or red-cell scintigraphy 
may be required. 

Splenic hamartomas are rare benign tumours composed of 
malformed normal splenic tissue; it is uncertain whether they are 



Figure 17.31 Composite greyscale and CEUS image showing 
hypervascularity of multiple splenic haemangiomas in the 

arterial phase. (Courtesy of Dr S. Elliot, Freeman Hospital, 
Newcastle, UK.) 


developmental or neoplastic in nature. Hamartomas are usually 
solitary and asymptomatic; however, large lesions may present 
with a palpable mass or thrombocytopenia/anaemia. Multiple 
lesions may be associated with tuberous sclerosis and Wiskott- 
Aldrich syndrome. 73 Sonographically the lesions are usually solid, 
well circumscribed of varying but usually increased echogenicity, 
sometimes with internal blood flow on colour Doppler examination 
(Fig. 17.33). 71,73,76 Cystic spaces and calcifications are occasionally 
present. 

Splenic lymphangiomas are rare benign tumours composed of 
lymph-filled cystic spaces and are most commonly seen in children. 
They are usually asymptomatic unless large in size, when they may 
present with symptoms due to compression. Rarely they may be 
part of a generalised lymphangiomatosis involving multiple sites 
in the body. Sonographically the spleen may be normal in size or 
enlarged, containing one or more well-defined cystic masses that 
may contain fine septa, small calcifications and low level echoes 
within the cyst fluid (Fig. 17.34). 70,73 Demonstration of intrasplenic 
arteries and veins running along the walls of the cysts with colour 
Doppler may be a helpful diagnostic feature. 77 

Other rare benign splenic masses include inflammatory pseudo¬ 
tumours, lipomas, angiomyolipomas and fibromas. 

Cystic lesions of the spleen 


Cystic masses are rarely encountered in the spleen. However, many 
different disease processes may produce appearances ranging 
from simple cysts to solid masses with cystic components. Cystic 
splenic masses may be broadly categorised into congenital cysts. 




Figure 17.32 Giant splenic haemangioma. A: Greyscale image 
showing a large isoechoic splenic mass. B: Late phase CEUS 
image showing persistent delayed enhancement of the mass which 
is identical to adjacent splenic parenchyma. C: Late phase labelled 
red cell scan showing high levels of activity within the mass (arrow) 
consistent with a haemangioma. 








CHAPTER 17 • Spleen 




Figure 17.33 Splenic hamartoma. Greyscale (A) and power Doppler (B) images showing a hypervascular hypoechoic solid splenic 
mass. (Reproduced from Abbott RM, Levy AD, Aguilera NS, Gorospe L, Thompson WM. Primary vascular neoplasms of the spleen: 
Radiologic-pathologic correlation. RadioGraphics 2004;24:1137-1163, provided courtesy of the Armed Forces Institute of Pathology, 
Washington, DC.) 



Figure 17.34 Splenic lymphangioma. There is a complex cystic 
mass in the superior aspect of the spleen (arrow). (Courtesy of Dr 
P. Sidhu, King’s College Hospital, London, UK.) 


pseudocysts and cystic masses secondary to infection or neoplasia 
(Table 17.2). 

Congenital splenic cysts 

Congenital cysts of the spleen are characterised by the presence of 
an inner endothelial lining thought to arise from infolding or trap¬ 
ping of peritoneal mesothelial cells between splenic lobules. 78 The 
epidermoid cyst accounts for 90% of cases but it is still a rare lesion 
representing only 10% of benign non-parasitic splenic cysts. 79,80 
Such cysts are often an incidental finding but, when large, may 
present with pain or a palpable mass; spontaneous rupture is a rare 
complication. 81 Large lesions may elevate serum tumour markers 
(CA19-9, CA125 and CEA). 71,79 Sonographically the cysts are usually 
solitary, well defined and unilocular although septations have 
been described; calcification is unusual. 71 Cyst contents may be 
anechoic but echoes may be present due to cholesterol crystals or 


Table 17.2 Classification of cystic splenic masses 

Pathogenesis 

Types 

Example 

Congenital 

Epidermoid 

Mesothelial 


Pseudocyst 

Traumatic 
(infarction, infection) 


Infective 

Parasitic 

Bacterial 

Echinococcal 


Fungal 

Mycobacterial 

Candida 

Neoplastic 

Benign 

Lymphangioma, 

haemangioma 


Malignant 

Metastasis 

Other 

Pancreatic 

pseudocyst 



haemorrhage; posterior acoustic enhancement indicates the cystic 
nature of the mass (Fig. 17.35). 80 

Splenic pseudocysts 

Splenic pseudocysts lack an epithelial lining and are therefore false 
cysts. They are usually post-trauma tic in aetiology although 30% of 
patients are unable to recall a relevant history. 79 Pseudocysts 
account for up to 75-80% of all splenic cysts in areas where echino- 
coccal disease (see below) is non-endemic. 70 Pseudocysts cannot be 
reliably distinguished from congenital cysts by their sonographic 
appearance, 82 although a history of trauma, age above the fourth 
decade and wall calcification favour a diagnosis of pseudocyst 
(Fig. 17.36). 70,71,82 

Infection and splenic abscess 

Splenic infection may be due to bacterial (including mycobacteria), 
protozoal or fungal agents. Splenic abscess is rare but clinical pres¬ 
entation can be non-specific, and delayed diagnosis is associated 
with a high mortality rate, particularly if there is rupture into the 
peritoneum. 

Bacterial splenic abscess is caused by haematogenous spread of 
infection in 75% of cases, 70 but can also arise following trauma. 
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direct spread from an adjacent organ or within an area of pre¬ 
existing infarction. Presentation is usually with one or more of 
fever, pain and leukocytosis although symptoms may be lacking, 
particularly in immunocompromised patients. 83 Sonographically 
pyogenic abscesses may be single or multiple and have a variety 
of appearances according to their state of evolution (Fig. 17.37). 
Typically they are echo-poor, round or oval but irregular in 
shape, poorly defined with variable posterior acoustic enhance¬ 
ment and absence of internal blood flow on colour Doppler exam¬ 
ination (Fig. 17.38). CEUS may demonstrate rim or septal 
enhancement in the late phase. 8 Wedge-shaped abscesses may be 
seen in patients with septic emboli. Occasionally gas locules may 
be demonstrated. This is a diagnostic feature but most abscesses 
do not contain gas and the ultrasound appearances must be cor¬ 
related with the patient's clinical presentation. Ultrasound-guided 
percutaneous aspiration for smaller abscesses (<3-3.5 cm) or 
catheter drainage for larger abscesses, combined with antibiotic 
therapy, has replaced splenectomy and is now the treatment of 
choice for most patients. 84 

Involvement of the spleen in Mycobacterium tuberculosis infection 
(MTB) is rare in non-endemic countries but rising due to the 
increased prevalence of AIDS. The most common ultrasound 
abnormality is multiple hypoechoic nodules, although abscess 



Figure 17.35 Epidermoid cyst. The presence of internal echoes 
is likely to represent blood or cholesterol crystals. (Courtesy of Dr S. 
Thorogood, Treliske Hospital, Truro, UK.) 


formation or isolated splenomegaly is also reported (Fig. 17.39). 85 
Associated features of abdominal tuberculosis such as lymph node 
enlargement, intestinal wall thickening and ascites may help to 
suggest the diagnosis; ultrasound-guided fine-needle aspiration 
biopsy (FNAB) of the spleen or enlarged lymph nodes is usually 
diagnostic. 86 ' 87 

Fungal infection of the spleen does not usually occur in the 
absence of immune compromise. Candida albicans is the most 
common pathogen and typically produces multiple small (<2 cm) 
abscesses. 70 Four sonographic patterns of hepatosplenic candidiasis 
are described: 88 

1. 'wheel within a wheel' pattern comprising a peripheral 
hypoechoic rim encasing an echogenic zone with a central 
echo-poor nidus 

2. 'bulls-eye' lesion comprising an echo-poor rim and echogenic 
central area (Fig. 17.40) 

3. uniformly hypoechoic nodules 

4. multiple small echogenic foci with variable degrees of 
posterior acoustic shadowing representing calcifications late 
in the course of the disease. 

The type 1 and type 2 patterns appear to be most specific for 
candidiasis but are only found in patients who are not 
neutropenic. 

Parasitic splenic abscesses are usually due to hydatid disease and 
of these 95% of cases are caused by Echinococcus granulosus. Splenic 



Figure 17.37 Pyogenic splenic abscess (arrows). 



Figure 17.36 Presumed pseudocysts; incidental finding of two cystic lesions in asymptomatic patients. A: Cyst containing internal 
debris. B: Cyst with wall calcification. 
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Figure 17.38 Pyogenic abscess showing peripheral, but not 
central, flow on colour Doppler examination. 



Figure 17.40 Splenic Candida microabscesses. Many of the 
echo-poor nodules have a ‘bulls-eye’ appearance comprising an 
echo-poor periphery and echogenic centre. 



Figure 17.39 Splenic tuberculosis in a patient with AIDS. 

The spleen contains numerous small, poorly defined nodules. 
(Reproduced with permission from Kawooya MG, Muyinda Z, 
Byanyima R, Malwadde EK. Abdominal ultrasound findings in HIV 
patients: A pictorial review. Ultrasound 2008; 16:62-72.) 


involvement is only present in 0.9-8% of patients and is much less 
common than involvement of the liver (70%) or lung (15-20%). 89 
Patients are generally asymptomatic but, unless treated, the cysts 
grow slowly and may eventually cause pain due to pressure. Rarely 
cysts may become secondarily infected or rupture into the perito¬ 
neum with the risk of anaphylactic shock. A variety of sonographic 
patterns of hydatid cysts have been described. The World Health 
Organization (WHO) classification is based on the natural history 
of the disease and comprises five categories: types CE1 and CE2 are 
active cysts, type CE3 are transitional and types CE4 and CE5 inac¬ 
tive. 90 The CE2 and CE3 patterns have a pathognomonic appearance 
showing floating membranes (water-lily sign) and the presence of 
daughter cysts (multiple cysts within a larger cyst) (Fig. 17.41). 90,91 
Percutaneous drainage of active cysts with injection of sclerosing 
agents is now regarded by many as the treatment of choice. 92 


Splenic cysts 

• Congenital splenic cysts are rare; most incidentally discovered 
cysts are post-traumatic pseudocysts. 

• Splenic abscess may be sonographically indistinguishable from 
other splenic cysts; diagnostic aspiration is indicated where there 
is clinical suspicion of infection. 

• Ultrasound-guided aspiration or catheter drainage is the 
treatment of choice for most pyogenic splenic abscesses. 

• Mycobacterium tuberculosis is the most common cause of 
hypoechoic splenic nodules in AIDS patients. 

• Echinococcal splenic cysts and Candida microabscesses may 
show a pathognomonic ultrasound appearance. 


Other cystic splenic masses 

A number of other splenic lesions may have a partially cystic 
appearance on ultrasound examination including haematoma, 
metastases and primary vascular splenic tumours. Peliosis of the 
spleen is a very rare entity of uncertain aetiology characterised by 
multiple blood-filled spaces in the spleen usually associated with 
liver involvement. Sonographically it appears as multiple poorly 
defined hypoechoic cystic lesions. 93 Acute pancreatitis involving the 
pancreatic tail may extend into the splenic parenchyma, resulting 
in an intra-splenic pseudocyst. 

Vascular lesions of the spleen 


Splenic infarction 

The splenic artery is an end artery and occlusion of the main artery 
or its branches will usually result in splenic infarction, which may 
be global or, more commonly, segmental in distribution. Venous 
infarction may also occur secondary to splenic or portal vein throm¬ 
bosis. There are many recognised causes of splenic infarction (Table 
17.3). 94 In young patients (under 40 years old) haematological dis¬ 
orders predominate; in older patients emboli (particularly from 
cardiac causes) are more common. 95 Infarction may be asympto¬ 
matic or may produce left upper quadrant pain. Sonographically 
changes may not be visible until 24 hours or more after infarction. 
Typically there is a well-defined wedge-shaped low echogenicity 
lesion with the base at the splenic capsule and apex directed 
towards the hilum (Fig. 17.42). 96 Blood flow is absent on colour 
Doppler examination and visualisation can be greatly facilitated 
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Figure 17.41 Hydatid disease. A: Type CE2 hydatid cyst containing multiple daughter cysts completely filling the mother cyst (courtesy 
of Professor Okan Akhan, Hacettepe University, Ankara, Turkey). B: Splenic hydatid cyst showing detached floating membranes (water-lily 
sign) (courtesy of Professor N. Ormeci, Ankara University Medical School, Ankara, Turkey). 



Figure 17.42 Examples of focal splenic infarction. A: Cystic appearing infarct (courtesy of Dr P. Sidhu, King’s College Hospital, 
London, UK). B: Extensive splenic infarction secondary to hypovolaemic cardiac arrest. 



Figure 17.43 CEUS image of splenic infarction showing a large 
wedge-shaped area of non-perfusion secondary to trauma. 
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with CEUS (Fig. 17.43). Infarction may, however, also appear as 
round or oval lesions indistinguishable from other focal splenic 
masses. 97 With time the area of infarction reduces in size and 
increases in echogenicity or may disappear completely. Infarction 
may be complicated by secondary infection, haemorrhage or 
rupture. Chronic (recurring) splenic infarction is particularly seen 
in patients with myeloproliferative and sickle cell disease, 98 in 


Table 17.3 Aetiology of splenic infarction 93 95 

Haematological 

Haemoglobinopathies* (esp. sickle cell 
disease) 

Lymphoproliferative diseases 
Lymphoma/Leukaemia 

Myelofibrosis 

Gaucher’s disease 

Paroxysmal nocturnal haemoglobinopathy 
Polycythaemia vera 

Embolic 

Cardiac (endocarditis*, infarction, valvular 
disease, atrial fibrillation*, LV aneurysm) 

Pancreatic disease (pancreatitis, cancer) 

Vascular 

Splenic artery aneurysm 

Atherosclerosis* 

Aortic dissection 

Splenic vein thrombosis 

Portal hypertension 

Autoimmune 

Vasculitis (Kawasaki disease, Wegener’s 
granulomatosis, polyarteritis nodosa) 

SLE/Connective tissue disease 

Infection 

Meningococcal 

Infectious mononucleosis 

Kala-azar 

Salmonella 

Malaria 

Mechanical 

Splenic torsion 

Wandering spleen 

Miscellaneous 

Amyloidosis 

Sarcoidosis 

Iatrogenic (liver transplant, catheter 
embolisation, cardiac surgery) 


*Denotes the most common causes. 


the latter condition this frequently results in splenic atrophy 
(autosplenectomy). 

Splenic vascular aneurysms 

The splenic artery is the most common site for visceral arterial 
aneurysms. The incidence varies from 0.16% to 10.4% in various 
series, and splenic artery aneurysms are more common in women. 99 
Most are asymptomatic but rarely rupture may occur, which carries 
a high mortality, particularly in pregnant patients. Sonographically 
the aneurysm appears as an anechoic mass along the course of the 
splenic artery with internal flow on Doppler examination as the 
diagnostic feature; wall calcification or thrombus may be present 
(Fig. 17.44). Treatment is usually recommended if the aneurysm is 
greater then 2 cm in diameter, particularly if increasing in size; 
catheter embolisation is now preferred to surgery. 100 Pseudoaneu¬ 
rysms of the splenic artery may be seen following trauma or pan¬ 
creatitis. Splenic vein aneurysms are very rare lesions and are 
usually an incidental discovery. 93 

Splenic vein thrombosis and portal 
hypertension 

Isolated thrombosis of the splenic vein (without thrombosis of the 
main portal vein) is usually due to pancreatic pathology (pancrea¬ 
titis or carcinoma). 101 Patients may present with splenomegaly or 
gastrointestinal bleeding from isolated gastric varices. Ultrasound 
may directly demonstrate thrombus within a dilated splenic vein, 
with absent flow or incomplete luminal filling on colour Doppler 
examination indicating complete or partial thrombosis (Fig. 
17.45). 78,93 When transabdominal ultrasound is non-diagnostic 
endoscopic ultrasound is often able to make the diagnosis. 102 

In patients with portal hypertension ultrasound is frequently able 
to demonstrate portosystemic varices (oesophageal, short gastric 
and splenorenal) in the perisplenic area (Fig. 17.46). 


Vascular lesions of the spleen 

• Splenic infarction is usually due to haematological disorders in 
younger patients and embolic causes in older patients. 

• Infarction is a common cause of a focal splenic mass. 

• Splenic infarction typically appears as a low echogenicity 
‘wedge-shaped’ lesion with absent Doppler colour flow. 

• The splenic artery is the most common site for visceral arterial 
aneurysms. 



Figure 17.44 Splenic artery aneurysm. Greyscale (A) and colour Doppler (B) images of an aneurysm arising from the distal splenic 
artery (arrow); note the large areas of low attenuation in the spleen (arrowheads) representing splenic infarction. 






Differential diagnosis of focal splenic lesions 



Figure 17.45 Splenomegaly due to splenic vein thrombosis. 

The dilated splenic vein (arrow) can be identified at the hilum 
(adjacent to the artery) containing echogenic thrombus and showing 
absence of colour flow. 



Figure 17.46 Colour Doppler image showing large 
splenorenal varices extending from the splenic hilum towards the 
left kidney. 


Miscellaneous conditions of the spleen 


Sarcoidosis 

Sarcoidosis is a generalised non-caseating granulomatous disease 
of unknown aetiology. Although virtually any organ may be 
involved, the lungs and thoracic lymph nodes are the most com¬ 
monly affected sites. Involvement of the spleen is usually asymp¬ 
tomatic but splenic enlargement is present in approximately 
one-third of patients on imaging studies. 103 Ultrasound may also 
show a diffusely inhomogeneous splenic echotexture or multiple 
small hypoechoic splenic nodules. 104 There is a wide differential 
diagnosis for this appearance, particularly as there appears to be a 
poor relationship between splenic involvement and chest radio¬ 
graph abnormalities (Fig. 17.47). 103 

Spontaneous rupture of the spleen 

Splenic rupture is usually due to trauma but occasionally atrau¬ 
matic rupture may occur and the diagnosis may be delayed. Usually 
there is an underlying abnormality of the spleen, most commonly 
infection (particularly malaria and infectious mononucleosis) or 



Figure 17.47 Splenic sarcoidosis. The spleen has a diffusely 
coarsened and inhomogeneous parenchyma; biopsy was 
performed, which revealed sarcoid infiltration. 


haematological malignancy. 105,106 Ultrasound examination may 
demonstrate one or more of the following features: (1) intraparen- 
chymal haematoma, (2) subcapsular haematoma (Fig. 17.48), (3) free 
intraperitoneal fluid (haemoperitoneum), (4) intrasplenic pseu¬ 
doaneurysm. Splenomegaly is usually, but not universally, present. 
Splenectomy is the usual treatment; however, in view of the short- 
and long-term morbidity of surgery, conservative treatment with 
close clinical and sonographic monitoring can be successfully 
applied to patients who are haemodynamically stable. 

Splenic calcifications 

Many diseases may result in splenic calcification (Table 17.4). 
Although accurate diagnosis is not always possible the type of 
calcification and presence or absence of an associated mass are 
helpful features. 

Multiple small echogenic foci, with or without acoustic shadow¬ 
ing, are usually the result of calcified granulomatous disease (Fig. 
17.49). Linear or curvilinear calcifications may occur in vascular 
disease (atheroma or splenic artery aneurysm) or in the walls of 
splenic cysts - particularly pseudocysts (Fig. 17.36B). Focal dys¬ 
trophic calcification may also arise in old splenic infarction, abscess 
and haematoma. Some primary and secondary splenic tumours 
may also contain foci of calcification. 

The spleen in AIDS 

The spleen is commonly involved in AIDS; sonographically detected 
splenomegaly is seen in 20-45% of patients and focal lesions are 
much more common than in the general population. 107,108 Multiple 
hypoechoic and rounded lesions are the most common pattern, for 
which the differential diagnosis is wide; tuberculosis is the most 
common cause but other infections and lymphoma are the main 
differential consideration. 109,110 If tuberculous infection cannot be 
confirmed from other sites, fine-needle biopsy may be performed. 


DIFFERENTIAL DIAGNOSIS OF FOCAL 
SPLENIC LESIONS 


Focal splenic lesions are frequently difficult to diagnose based 
purely on their ultrasound appearances. Clinical history including 
malignancy (lymphoma, metastases), trauma (haematoma, pseudo¬ 
cyst), infection or immunosuppression (abscess), pancreatitis 
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Figure 17.48 Spontaneous splenic rupture in a patient with infectious mononucleosis. The spleen is enlarged and there is a large 
perisplenic haematoma (arrows). This is almost isoechoic with splenic parenchyma on the greyscale image (A), but easily differentiated 
following contrast medium administration (B). 


Table 17.4 Causes of splenic calcification 

Category 

Example 

Infection 

Healed granulomas (TB, histoplasmosis, 
brucellosis) 

Old abscess 

Hydatid 

Vascular 

Atherosclerosis 

Old haematoma/pseudocyst 

Aneurysm 

Old infarction 

Phlebolith 

Neoplastic 

Haemangioma 

Hamartoma 

Lymphangioma 

Metastasis 

Angiosarcoma 

Miscellaneous 

Sickle cell disease 

Haemosiderosis 

Sarcoidosis 

Amyloid 

Congenital cysts 


(pseudocyst) and travel to endemic areas (TB, hydatid abscess) 
combined with laboratory data will often allow a presumptive diag¬ 
nosis to be made. 

Lesions can be broadly divided into those that are cystic, those 
that are echo-poor and those that are echogenic. Simple cystic 
lesions are likely to be benign and most will be pseudocysts. Diag¬ 
nosis is more difficult when internal echoes are present and cyst 
aspiration should be considered in any patient with signs of infec¬ 
tion to exclude abscess formation. Solid, small, well-defined, echo¬ 
genic splenic masses are usually benign vascular neoplasms 
(haemangioma or hamartoma); ultrasound surveillance may be 
appropriate in this group. Large, heterogeneous or ill-defined echo¬ 
genic masses will require additional imaging or biopsy for 
diagnosis. 
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Figure 17.49 Calcified splenic granulomatous disease. There 
are multiple small echogenic foci too small to cast an acoustic 
shadow. 


Echo-poor lesions represent the greatest diagnostic challenge. 
However, a number of generalisations can be made: 

1. Almost all malignant secondary splenic tumours (lymphoma 
and metastasis) are echo-poor. 

2. A focal echo-poor mass in a patient with a known diagnosis 
of lymphoma can be assumed to represent a lymphomatous 
deposit. 

3. Splenic infarction is relatively common and frequently has a 
characteristic appearance. 

4. Increased vascularity within an incidentally discovered 
well-defined hypoechoic lesion on colour Doppler 
examination or in the arterial phase of CEUS tends to indicate 
a benign process. 111 

5. CEUS may increase diagnostic confidence for certain 
conditions, particularly splenic infarction and some echo-poor 
haemangiomas. 

When a definitive diagnosis cannot be made further alternative 
imaging techniques may be diagnostic. When there is remaining 
uncertainty and the clinical situation requires a definitive diagnosis 
ultrasound guided biopsy is both accurate and safe. 
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ULTRASOUND INTERVENTIONS IN 
THE SPLEEN 


Ultrasound-guided interventional procedures are infrequently per¬ 
formed in the spleen, probably reflecting the rarity of focal lesions 
and anxieties regarding the risk of haemorrhage. Procedures can, 
however, be performed with high levels of accuracy and low rates 
of complication. 

Both fine-needle aspiration biopsy (FNAB) and core biopsy of the 
spleen are well-established techniques. Prior to biopsy, coagulation 
is measured and abnormalities corrected if there is significant 
derangement. 112 A safe route for biopsy must be identified, particu¬ 
larly avoiding the lung, pleura, kidney and colon. Procedures can 
usually be performed under local anaesthesia during suspended 
respiration. Following biopsy the patient must be closely observed 
to detect evidence of complications - particularly bleeding. In a 
large multicentre study of splenic FNAB and core biopsy overall 
accuracy was 90.9%, the major complication rate was less than 1% 
(no deaths or emergency splenectomies) and minor complication 
rate 5.2%. 113 Both FNAB and core biopsy gave similarly high levels 
of accuracy in this study except for lymphoma, where core biopsy 
performed much better. Core biopsy using an 18-gauge needle does 
not appear to carry a higher complication rate than with smaller 
needles and has a greater diagnostic accuracy. 114 Unlike targeted 
biopsy of the liver, the route chosen for splenic biopsy should 
traverse the minimum amount of normal parenchyma to minimise 
the risk of bleeding; particular care must be taken with lesions close 
to the hilum to avoid injury to the major vessels. 115 Despite its rela¬ 
tive safety, splenic biopsy does carry a higher risk of bleeding than 
biopsy of other abdominal organs and therefore should be limited 
to cases where no suitable alternative exists. 115 

Ultrasound-guided aspiration and drainage is now the initial 
method of choice for diagnosis and treatment of most patients with 
pyogenic splenic abscesses, with reported success rates of 60-100% 
and complication rates of 0-18%. 112,115 
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INTRODUCTION 


Ultrasonography has been for a number of years a standard tech¬ 
nique in the investigation of intra-abdominal organs. However, 
conventional transcutaneous ultrasound has limited application 
for the oesophagus and the stomach. Its main disadvantage is 
that ultrasound waves are reflected by the air-tissue interface and 
any organs surrounded by air, as is the oesophagus, are virtually 
invisible by ultrasonography. Furthermore, the stomach can only 
be examined by conventional ultrasound if it is fluid filled and 
the patient is carefully positioned to displace the gas from one 
part of the stomach to the other. In addition, because penetration 
of ultrasound waves and resolution of imaging are inversely 
related, detail is generally less in the posterior aspects of the 
stomach. 

Despite the above caveats, diagnostic ultrasonography has 
undoubtedly a number of advantages over other imaging modali¬ 
ties as it is non-invasive, can be easily repeated without patient 
discomfort and non-ionising radiation is used. Ultrasound 
machines, in general, are compact and can easily be used at the 
bedside. 

It was therefore quite an expected development when in the 
early 1980s it did become possible to integrate the techniques of 
endoscopy and ultrasonography 1 under the name endoscopic ultra¬ 
sound (EUS). 


Introduction and general principles 

• Endoscopic ultrasound (EUS) refers to the integration of the 
modalities of white light video endoscopy and ultrasonography. 

• Echo-endoscopes are classified by the orientation of the 
transducer; these are radial and curvilinear. The radial echo- 
endoscope has a 360° scan plane and is primarily used for 
diagnosis, while the curvilinear has a 15° scan plane and is 
mostly used as an interventional device. 

• The ultrasonic appearance of the wall of the upper Gl tract 
imaged consists of a number (usually five) of bright (hyperechoic) 
and dark (hyoechoic) rings. 

• One of the most important uses of EUS is staging of upper Gl 
malignancies. EUS is also used to investigate submucosal 
abnormalities including vascular structures, as well as for 
therapeutic applications such as fine-needle aspiration or core 
biopsies. 


EUS EQUIPMENT 


Modern echo-endoscopes are classified by the orientation of the 
transducer, as radial and curvilinear. 2 The radial echo-endoscope is 
primarily used for diagnosis, to produce a 360° image of the 
anatomy. The ultrasound image obtained is easily related to the 
anatomy of the oesophagus or stomach and reduces the complexity 
of its interpretation. 

The first flexible EUS scopes incorporated a rotating single 
element piezoelectric crystal transducer attached to the tip of the 
endoscope, to produce a 360° ultrasound B-mode cross-sectional 
image of the wall of the gastrointestinal (Gl) tract (Fig. 18.1 A). Fur¬ 
thermore a blind echo-endoscope was developed for malignant 
oesophageal strictures that is inserted over a guide wire. (Fig. 
18.IB). The recent advent of solid-state electronic radial echo- 
endoscopes has meant that Doppler, elastography, flow and har¬ 
monic imaging are now available (Fig. 18.1C, D). The mechanical 
and electronic echo-endoscopes operate at frequencies between 5 
and 20 MHz, depending upon the transducer. In all cases, acoustic 
contact with the wall of the Gl tract is obtained by a water-filled 
balloon. 2 

EUS mini-probes are radial devices, incorporating a small 
mechanical rotating single element piezoelectric ultrasound trans¬ 
ducer (Fig. 18.IE). They have been designed to be used within areas 
that are normally inaccessible to echo-endoscopes (e.g. pancreato- 
biliary ducts, stenotic lumen) or when a high-frequency study of 
the oesophageal or gastric wall is needed. 3 

These devices are introduced through the biopsy channel of a 
standard video endoscope. They tend to be fragile with limited 
lifespan and suffer from limited penetration although resolution 
can be excellent if good contact is obtained with the wall of the 
Gl tract. 4 

The curvilinear echo-endoscope (Fig. 18.IF) was introduced clini¬ 
cally in the early 1990s 5,6 and produced an image that was 
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Figure 18.1 Examples of the Olympus and Fujinon echo-endoscopes that are currently available and an example of a mini-probe 
transducer. 

A: The tip of the Olympus GF-UM series radial echo-endoscope. Diameter of scope series ranges between 12.5 and 13.5 mm. 

B: The tip of the Olympus MH-908 radial echo-endoscope. Diameter of scope 8.5 mm. 

C: The tip of the Olympus GF-UE 260 electronic radial echo-endoscope. Diameter of scope 13.8 mm. 

D: The tip of the Fujinon electronic EG-530UR radial echo-endoscope. Diameter of scope 11.5 mm. 

E: The tip of the Fujinon 26-12 MHz mini-probe. Diameter of probe ranges between 2 and 2.6 mm. 

F: The tip of the Olympus GF-UCT 240 electronic curvilinear echo-endoscope. Diameter of scope 14.6 mm. 


longitudinally orientated in relation to the endoscope; it is mostly 
used as an interventional device and normally operates at a fre¬ 
quency between 5 and 10 MHz. 2,6-8 However, interpretation of the 
ultrasound images can be more difficult compared with those of 
radial echo-endoscopes. 


ANATOMICAL STRUCTURE OF UPPER 
GlTRACT 


The wall of the oesophagus and stomach is made up of a number 
of tissue layers of different cellular consistencies. The innermost 
layer towards lumen, is the mucosa and is made up of a number of 
sublayers, namely epithelium, lamina propria and muscularis 
mucosae. The next layer is the submucosa and is composed of dense 
connective tissue. The muscularis propria of the upper GI tract is a 
muscular layer composed of both skeletal and smooth muscle 
fibres. This may be subdivided into sublayers, the inner 


circumferential fibres and outer longitudinal fibres, dependent 
upon location; the upper third of the oesophagus is mostly com¬ 
posed of skeletal muscle; the middle third has both skeletal and 
smooth muscle; and the lowest third is only composed of smooth 
muscle fibres. The approximate thicknesses of the muscularis 
propria circular and longitudinal fibre layers are 500 pm and 
300 pm, respectively. 

The oesophagus is covered by an adventitia until it pierces the 
diaphragm, after which it is covered by a serosa, which continues 
throughout the outer lining of stomach. 

A detailed cross-section of the anatomy of the wall of the oesopha¬ 
gus is shown in Figure 18.2. 


EUS APPEARANCE OF UPPER Gl TRACT 

As the main operating frequencies of the echo-endoscopes are 5, 
7.5, 10, 12 and 20 MHz, the tissue detail and number of boundary 
reflections observed during imaging of the walls of the oesophagus 
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Figure 18.2 Anatomy of the wall of the oesophagus. 


and stomach will be dependent upon frequency and the resultant 
pulse wavelength. For simplicity most endoscopists approximate 
the boundary reflections as the GI wall layers. The ultrasonic 
appearance of the wall of the GI tract imaged under EUS consists 
of a number of bright (hyperechoic) and dark (hypoechoic) rings. 

Figure 18.3 illustrates an idealised ultrasound image relating to 
the anatomical layers of the oesophagus. A water-filled latex balloon 
is used to maintain contact with the wall of the oesophagus. The 
balloon is normally filled to the extent where good contact is 
obtained with the wall, but not to the point where the layers are 
compressed. When the ultrasound pulse is being transmitted, a 
reflection will occur producing the first hyperechoic boundary or 
layer due to the change in acoustical impedance from water to the 
latex/mucosa. The thickness of the 'layer' or boundary will depend 
on the ultrasound frequency and its corresponding wavelength. As 
the mucosa is approximately 500 pm, the remainder of the mucosa 
will appear hypoechoic and form the second layer. When the pulse 
reaches the mucosa/submucosa interface, there is a difference in 
the tissue types and a reflection will occur, producing a hyperechoic 
boundary and the third layer. This layer can merge with the reflec¬ 
tion obtained from the submucosa/muscularis propria interface, 
resulting in a wide, prominent hyperechoic layer. The remainder of 
the muscularis propria will form the hypoechoic fourth layer. As 
the muscularis propria changes consistency in the upper, mid and 
lower segments of the oesophagus, a hyperechoic layer may be 
visualised during the mid segment, as it consists of separate layers 
of circular and longitudinal muscular fibres. The interface between 
these muscle layers can produce the hyperechoic layer, depending 
upon the imaging frequency and pathology of the wall. Therefore, 
the number of visualised layers can change from five to seven layers 
depending on location and frequency of the transducer. The hyper¬ 
echoic fifth layer is produced by the ultrasound pulse striking the 
boundary between the muscularis propria and the adventitia/ 
serosa. 

In reality the actual number of visible layers can vary from 
patient to patient. This depends on the type of EUS device/trans¬ 
ducer used, the operating frequency, the orientation of the trans¬ 
ducer, the actual thicknesses of the wall layers, the fat content, the 
presence of abnormal pathology, and the anatomical site under 
investigation. 

Figure 18.4A and B illustrate the layers of the oesophageal wall 
at 20 MHz and 12 MHz. The ultrasound images were acquired 
when the transducer was located in the mid oesophagus from two 
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Figure 18.3 Correlation between the standard five EUS layers 
and histological layers of the normal oesophageal wall. 1st = 

interface between balloon, fluid in the lumen and the superficial 
mucosa; 2nd = lamina propria and muscularis mucosae, 3rd = the 
interfaces between the submucosa and mucosa and muscularis 
propria; 4th = muscularis propria; (4a) circular, (4c) longitudinal and 
(4b) thin connective tissue layer, only seen at high frequencies; 

5th = interface between muscularis propria and the adventitia. 

(The histological images were modified from AJCC Cancer 
Staging Atlas. 12 ) 


different patients and in both cases seven layers of the oesophagus 
were observed. Figure 18.4A illustrates normal, mid, oesophageal 
wall layers imaged at 20 MHz. Figure 18.4B illustrates the effects of 
abnormal pathology on the oesophageal wall layers. On the left side 
of the oesophagus, the wall layers were normal, and not visible due 
to compression by the balloon. However, on the right side of the 
oesophagus seven layers were visualised. This effect was due to its 
proximity to abnormal pathology that caused the wall thickness to 
expand. The first hyperechoic layer observed at 12 MHz was due 
to the interface of the latex balloon and the mucosa of the oesopha¬ 
geal wall. 


CLINICAL INDICATIONS FOR EUS 
IN THE UPPER GI TRACT 


Endoscopic ultrasound (EUS) is a technique that is used to diagnose 
a variety of gastrointestinal diseases that cannot be reliably imaged 
by other modalities (CT, MRI) or diagnosed with conventional 
endoscopy and biopsies. Endoscopic ultrasound is used to investi¬ 
gate (a) luminal GI malignancies, 9 (b) submucosal abnormalities 
(e.g. lipoma, gastrointestinal stroma tumours (GISTs)), 9 (c) vascular 
structures (e.g. varices), 10 (d) extraluminal abnormalities identified 
on other imaging studies (e.g. cyst, normal anatomy imprint) and 
(e) therapeutic applications (e.g. EUS FNA, cyst drainage, core 
biopsies). 11 


PRINCIPLES OF EUS CANCER STAGING 


One of the most important uses of radial EUS is for cancer staging. 
Both cancer of the oesophagus and the stomach are classified using 
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Figure 18.4 Layers of the oesophageal wall. A: Normal oesophageal wall layers imaged at 20 MHz (seven layers were observed). 

The image was acquired in the mid oesophagus. The wall layers were most prominent when the wall was perpendicular to the transducer. 
The GF-UM2000 echo-endoscope and EU-M2000 processor was used to acquire the image. B: Expanded oesophageal wall layers, 
preceding an area of abnormal pathology, acquired at 12 MHz (seven layers were observed). The image was acquired in the area of the 
mid oesophagus. The GF-UM2000 echo-endoscope and EU-M2000 processor were used to acquire the image. WB, water balloon; 

MS, mucosa; SM, submucosa; MPC, muscularis propria circular; MPL, muscularis propria longitudinal; AD, adventitia; Hyper, hyperechoic 
layer; Hypo, hypoechoic layer; //, interface. 


the TNM staging (primary Tumour, regional Nodes, Metastasis), 
with some differences that are organ specific (see Tables 18.1 and 
18.2). There is close correlation between TNM staging and group 
staging with 5-year survival probability. 

T (primary tumour) is the extent of the tumour and is detailed 
from TO to T4. Figure 18.5 illustrates the corresponding idealised 
EUS images (T1 to T3) to tumour pathology as it invades the 
oesophageal wall layers and T4 is the invasion of nearby structures. 
N (regional node) staging signifies the absence or presence and 
number of lymph nodes metastases and is classified as NO to N3 
for the oesophagus and NO to N3 for the stomach according to the 
2009 IUAC TNM classification. 12 ' 13 

To distinguish between malignant and benign nodes, via radial 
EUS using frequencies above 7 MHz, the criteria in Table 18.3 were 
used. 14 A single matching factor signifies a low possible presence of 
malignancy. However, as the number of matching factors increases, 
the possibility of the node being malignant also increases, giving 
over 90% certainty if all four criteria are fulfilled (Fig. 18.6). Unfor¬ 
tunately only 25% of malignant nodes will fulfil all four criteria. 15 

More recently, the modified EUS malignant lymph node criteria 
have been proposed for the oesophagus that include the four clas¬ 
sical criteria plus three additional: localisation of nodes (coeliac 
region), number of nodes >5, and presence of T3/4 disease. 16 When 
more than three of the seven criteria were present, the accuracy for 
the presence of malignant nodes was over 86%. 15 

M (metastasis) refers to the presence or absence of metastasis and 
is classified as either MO or Ml. 12,17-21 However, EUS only provides 
locoregional M classification of the disease (e.g. left lobe of the liver, 
presence coeliac axis lymph nodes). Computed tomography (CT) 
or positron emission tomography (PET) are far better placed to 
provide distant metastasis staging. 


EUS AND THE OESOPHAGUS 


Cancer 


Oesophageal cancer is an aggressive malignancy with an overall 
5-year survival of 5-10%. Two-thirds of patients have inoperable 
disease at diagnosis. 22 Accurate staging of oesophageal cancer is 
important because survival is closely related to tumour, nodal and 
presence of metastases (TNM) stage. Usually helical-computed 
tomography (CT) is the first staging investigation once the 


histological diagnosis is made. Its ability, however, to accurately 
determine T stage is limited (sensitivity 40-60%) because it cannot 
reliably delineate the component layers of the oesophageal wall. 23 

Furthermore, helical CT scanning cannot define accurately to 
proximal and distal margins of oesophageal tumours and has 
limited accuracy in the detection of lymph nodes measuring <1 cm. 
With the advent of multi-detector computed tomography (MDCT) 
there has been an increase in the image resolution and a decrease 
in the acquisition time compared with helical CT. EUS, however, 
remains the most accurate modality of oesophageal T staging even 
compared to MDCT, with accuracies between 71% and 86% for EUS 
versus accuracies between 42% and 81% for MDCT compared with 
surgical resection. 24 The accuracy of locoregional nodal staging 
reported by Sandha et al. 24 was 68% for MDCT, 56% for PET and 
81% for EUS. 

Furthermore, the development of curvilinear scopes which enable 
aspiration of tissue through a fine needle (EUS FNA) in order to 
obtain tissue samples of the nodes has further increased the accu¬ 
racy of nodal staging (Fig. 18.7). Distal nodal diagnosis around 
coeliac access and hepatic artery territory is the only area where 
MDCT is superior to EUS with accuracies in the range 81-92% while 
it is 65-73% for EUS. Again, the ability of endoscopic ultrasound to 
obtain tissue of the coeliac axis nodes significantly improves accu¬ 
racy. There is little doubt that EUS is the investigation of choice in 
the locoregional staging of oesophageal cancer and selection of 
patients for oesophageal surgery. 

Over the past 5 years there have been several therapeutic devel¬ 
opments in the management of oesophageal cancer, particularly of 
the early disease. In early tumours without nodal involvement the 
treatment possibilities include endoscopic mucosal resection or 
endoscopic submucosal dissection, while in more advanced disease 
with nodal involvement neoadjuvant chemotherapy is used prior 
to surgery in order to improve outcome. 25 The role of EUS is there¬ 
fore pivotal in guiding the clinician to select the most appropriate 
treatment modality. Illustrative examples of oesophageal cancer 
staging are presented in Figure 18.8A-E. 

There are, however, some limitations to the diagnosis using endo¬ 
scopic ultrasound. The technique is most accurate in the diagnosis 
of T3 and T4 disease (>90%). 26 Accuracy is reduced in T1 and T2 
disease by approximately 10%. There are some caveats in the use 
of endoscopic ultrasound. The inflammatory reaction around the 
tumour can result in over-staging while it is sometimes impossible 
to detect microscopic invasion, resulting in underestimation of 
staging. An oblique scanning plane may also give rise to overesti¬ 
mation of stage. 







EUS and the oesophagus 


Table 18.1 TNM staging with corresponding grouping for 
oesophageal carcinoma and relative survival 13 

Primary tumour 


Stage 


Tumour involvement 

Tx 


Cannot be assessed 

Tis 


Carcinoma in situ/High-grade dysplasia 

T1 


Lamina propria or submucosa 

A 


Lamina propria or muscularis mucosae 

B 


Submucosa 

T2 


Muscularis propria 

T3 


Adventitia 

T4 


Adjacent structures 

A 


Pleura, pericardium, diaphragm, or 
adjacent peritoneum 

B 


Other adjacent structures, e.g. aorta, 
vertebral body, trachea 

Regional lymph nodes 

Stage 


Nodal involvement 

Nx 


Nodes cannot be assessed 

NO 


No regional node metastasis 

N1 


1 to 2 regional lymph nodes 

N2 


3 to 6 regional lymph nodes 

N3 


>6 regional lymph nodes 

Distant metastases 

Stage 


Presence of distant metastases 

Mx 


Distant metastases cannot be assessed 

MO 


No distant metastases 

Ml 


Distant metastases present 

Stage group, TNM stage and survival 

Stage 

group 

TNM stage 5-year survival 

0 

Tis 

NO MO >95% 

IA 

T1 

NO MO 50-80% 

IB 

T2 

NO MO 

IIA 

T3 

NO MO 30-40% 

MB 

T1, T2 

N1 MO 10-30% 

IMA 

T4A 

NO M0 10-15% 


T3 

N1 M0 


T1, T2 

N2 M0 

NIB 

T3 

N2 M0 

NIC 

T4A 

N1,N2 M0 


T4B 

Any N M0 


Any T 

N3 M0 

IV 

Any T 

Any N Ml 0-5% 


Table 18.2 TNM staging with corresponding grouping for 
gastric carcinoma and relative survival 13 

Primary tumour 

Stage 


Tx 

T1 


T2 

T3 

T4 


A 

B 


A 

B 


Tumour involvement 

Cannot be assessed 
Lamina propria, submucosa 
Lamina propria 
Submucosa 
Muscularis propria 
Subserosa 
Perforates serosa 
Adjacent structures 


Regional lymph nodes 


Stage 

Nx 

NO 

N1 

N2 

N3A 

N3B 

Distant metastases 

Stage 

Mx 

MO 

Ml 


Nodal involvement 

Nodes cannot be assessed 
No regional node metastasis 
1 to 2 nodes 
3 to 6 nodes 
7 to 15 nodes 
16 or more nodes 


Presence of distant metastases 

Distant metastases cannot be assessed 
No distant metastases 
Distant metastases present 


Stage group, TNM stage and survival 

Stage 


5-year 


group 

TNM stage 


survival 

0 

Tis 

NO 

M0 

>90% 

IA 

T1 

NO 

M0 

80% 

IB 

T2 

NO 

M0 



T1 

N1 

M0 


IIA 

T3 

NO 

M0 

56% 


T2 

N1 

M0 



T1 

N2 

M0 


MB 

T4A 

NO 

M0 



T3 

N1 

MO 



T2 

N2 

MO 



T1 

N3 

MO 


MIA 

T4A 

N1 

MO 

38% 


T3 

N2 

MO 



T2 

N3 

MO 


NIB 

T4B 

NO, N1 

MO 

15% 


T4A 

N2 

MO 



T3 

N3 

MO 


NIC 

T4A 

N3 

MO 

0-5% 


T4B 

N2, N3 

MO 


IV 

Any T 

Any N 

Ml 
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Figure 18.6 Example of malignant lymph nodes in a patient 
with advanced oesophageal cancer. The nodes appear hypoechoic, 
well demarcated, round and approach 1 cm in size. 





Figure 18.5 The histological T staging of oesophageal cancer 
and the idealised corresponding EUS image. (The histological 
images were modified from AJCC Cancer Staging Atlas. 12 ) 


Table 18.3 Classical criteria to 
from benign lymph nodes 

differentiate malignant 

Characteristics 

Malignant 

Benign 

Boundaries 

Well defined 

Indistinct 

Echogenicity 

Hypoechoic 

Homogeneous 

Hyperechoic centre 
Less homogeneous 

Shape 

Round 

Flat 

Size 

>10 mm 

Not diagnostic 


Luminal narrowing is very common in advanced primary 
tumours (T3 or T4) and this may limit the ability of endoscopic 
ultrasound to stage the tumour. In that respect, blind echo- 
endoscopes (MH908, Olympus Japan) have been developed which 
can be inserted over the guide wire through a stenotic lesion 
in order to achieve accurate staging. Alternatively, miniature 
ultrasound probes (mini-probes) have been used for this purpose 
(Fig. 18.IE). 

EUS also has a role in the detection of postoperative recurrence 
of tumour although development of fibrosis at the area of the anas¬ 
tomosis may sometimes limit its use. For this reason, endoscopic 
ultrasound is highly sensitive but has a relatively low specificity. 27 
Also following radiation therapy, assessment of tumour recurrence 
can be difficult because of inflammation due to radiotherapy. 

Barrett’s oesophagus 


EUS is used in the evaluation of cancer complicating Barrett's 
oesophagus. In general, the echo-endoscopic appearances of 
Barrett's oesophagus are non-specific and of a thickened oesopha¬ 
geal wall (Fig. 18.9); should there be any suspicion of cancer on 
Barrett's, biopsy is more sensitive than endoscopic ultrasound in 
the detection of early cancer. EUS therefore is reserved only for 
staging of a biopsy-proven early carcinoma. 
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EUS and the oesophagus 



Figure 18.7 Subcarinal nodes. A: EUS-guided FNA from an enlarged subcarinal node. Note the presence of node calcification. 
B: Benign subcarinal nodes are often present in smokers and appear flat with a relatively hyperechoic centre. 




Figure 18.8 Examples of locoregional EUS staging of oesophageal cancer. A: T1 disease confined within the first three layers of 
the oesophagus (12 MHz). B: T2 disease with evidence of infiltration to the muscularis propria. There is a suggestion of early T3 (extension 
to the adventitia between 6 and 8 o’clock.). C: T3 disease with a large malignant looking node (N1). D: T4 disease with extension to 
mediastinum and infiltration of the aorta. Large peritumour nodes are also present. E: Coeliac axis lymph node involvement in a patient 
with advanced adenocarcinoma of the lower oesophagus. 
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Submucosal (subepithelial) lesions 


The ability of EUS to accurately delineate the layers of the gastroin¬ 
testinal tract has made it an ideal modality to investigate these 
lesions. Submucosal lesions usually come to clinical attention less 
frequently than mucosal abnormalities and in many cases they are 
found incidentally during routine evaluation of the upper gastroin¬ 
testinal tract, although very occasionally they can ulcerate or bleed. 



Figure 18.9 EUS appearance of Barrett’s oesophagus; the 

layers of the oesophagus are well preserved but there is thickening 
of the mucosal/submucosal layer. 


Gastrointestinal stroma tumours (GISTs) are by the far the com¬ 
monest true submucosal lesions. They account for about 65% of all 
benign tumours of the oesophagus, although less than 10% of all 
GISTs are localised in the oesophagus. They are characterised by 
growth of the smooth muscle of the muscularis propria, although 
they occasionally rise from the muscularis mucosa. They can have 
varying mitotic activity and those tumours of size less than 2 cm 
and very low mitotic activity (mitotic count <5/50 high power 
fields) are considered of very low risk of malignancy. Under endo¬ 
scopic ultrasound these lesions appear as homogeneous hypoechoic 
well-demarcated areas measuring <2 cm in size. GISTs with higher 
mitotic activity tend to grow larger and the internal echo structure 
tends to become more heterogeneous with irregular margins and 
appearance of necrotic areas, septa and presence of calcification. 28 
Satellite lymphadenopathy may be present. 

Endoscopic ultrasound is useful in the follow-up of these lesions 
to establish whether they grow larger, and if there are worrying 
features or size >3 cm surgery is recommended (Fig. 18.10A,B). EUS 
FNA in most case provides an adequate sample for immunohisto- 
chemical staining for c-kit, CD34, CD117 and to determine the 
degree of mitotic activity. In recent studies the overall accuracy of 
EUS imaging for the diagnosis of malignant GIST was 78% and was 
improved to 91% by EUS FNA. 29 Other submucosal lesions include 
lipomas (Fig. 18.11), cysts, granular cell tumours, fibrovascular 
polyps as well as ectopic gastric glandular tissue. Lipomas are the 
second commonest lesion after GISTs. They are benign tumours 
composed of fat; they are echo bright and appear to arise from the 
third layer, which corresponds to the submucosa. 

Benign posterior mediastinal masses 


Benign mediastinal 'masses' which EUS with or without FNA can 
diagnose with accuracy, in addition to GISTs, include cysts, terato¬ 
mas and inflammatory masses due to TB, histoplasmosis and 
sarcoidosis. 30 

Cysts usually appear posteriorly in the submucosal layer of the 
oesophagus and can be reliably diagnosed by EUS (Fig. 18.12). They 
account for 10-15% of mediastinal masses. 



Figure 18.10 GIST in the oesophagus. A: Large multilobular GIST >5 cm arising from the fourth layer of the oesophagus. B: GIST in the 
oesophagus with benign characteristics - homogeneous, hypoechoic with clearly defined borders. 








EUS and the oesophagus 



Figure 18.11 A small lipoma seen arising from the third layer of 
the oesophageal wall. 



Figure 18.12 EUS of an oesophageal cyst appearing as a 
hypoechoic well-demarcated area arising from the submucosal 
(second) layer of the oesophagus. 

The two main types are congenital foregut duplication cysts, 
which are mostly localised but sometimes extend for the whole 
length of the oesophagus, and acquired mucous retention cysts, 
which are usually small. Occasionally some cysts arise away from 
the oesophageal wall and they are more suggestive of bronchogenic 
cysts. Cysts are generally asymptomatic, although they can give 
symptoms such as chest pain, dysphagia or dyspnoea. Under CT 
they appear as contrast non-enhancing lesions but not uncommonly 
they are mistaken for malignant tumours, particularly those con¬ 
taining thick gelatinous material. 



Figure 18.13 Oesophageal varices appear as tortuous intramural 
vessels in the lower third of the oesophagus with evidence of blood 
flow under colour power flow EUS. 


Cystic lesions under EUS appear as echo-free round or 
tubular lesions arising from the third layer with some acoustic 
enhancement. 31 

Cysts are in their vast majority completely benign and clinical 
observation is recommended unless they become symptomatic. 
Furthermore it is not recommended to sample these cysts by EUS 
FNA as this can introduce infection, resulting in mediastinitis. If 
there is, however, a high suspicion of malignancy and sampling is 
required, antibiotic prophylaxis should be administered. In the 
event of the diagnosis of a cyst being made by EUS FNA, it is prefer¬ 
able to completely drain the cyst to minimise infection risk. 32 


Oesophageal varices 


Endoscopic ultrasonography is an excellent technique in the diag¬ 
nosis of oesophago-gastric varices. 33 In general, intramural vessels 
in the oesophagus are imaged as echo-free structures. These are 
usually submucosal but also collateral vessels can be visualised. 
The ability of endoscopic ultrasound to detect oesophageal varices 
is often operator dependent as the endoscope balloon easily com¬ 
presses small varices. The newer electronic radial and linear endo¬ 
scopes equipped with colour flow and Doppler facilities can 
delineate in great detail the presence of varices and collateral circu¬ 
lation (Fig. 18.13). Furthermore, enlargement of the azygos vein is 
a good indicator of the presence of portal hypertension. 

Injection to obliterate oesophageal varices under EUS guidance 
has proven to be an effective technique. 34 More recently EUS-guided 
thrombin injection to control bleeding varices both in the oesopha¬ 
gus and the cardia of the stomach was successfully applied in 
complex cases where other treatment options had previously 
failed 35 ' 36 (Fig. 18.14A, B). 

Achalasia and other dysmotility disorders 


Endoscopic ultrasound is occasionally used to differentiate between 
true achalasia and extrinsic compression of the lower oesophagus 
due to a submucosal lesion or cancerous lesion (pseudo-achalasia). 
Typically in achalasia, the fourth layer under EUS appears concen¬ 
trically thickened in the area corresponding to the lower oesopha¬ 
geal sphincter. Endoscopic injection of botulinum toxin under EUS 
guidance has been used to ensure that the botulinum has been 
injected into the lower oesophageal sphincter in the hope of achiev¬ 
ing a more sustained response. 37 

The development of three-dimensional endoscopic ultra¬ 
sound may increase the use of this technique in the assessment of 
specific thickened segments in the oesophagus with a view to a 
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Figure 18.14 EUS-guided thrombin injection. A: Thrombin injection of bleeding oesophageal varices under EUS guidance using the 
therapeutic (linear) echo-endoscope. The needle is seen within the varix. B: Post-thrombin injection: colour power flow EUS shows clot 
formation as multiple speckled hyperechoic areas with no blood flow within the injected varix. 


Oesophagus 

• EUS is the most accurate modality of oesophageal cancer 
staging. EUS provides accurate information on TN staging and 
locoregional M staging due to presence of coeliac axis lymph 
nodes. 

• The ability of EUS to accurately delineate the layers of the 
gastrointestinal tract has made it an ideal modality to investigate 
and characterise oesophageal submucosal lesions such as GISTs 
depending on the layer they arise from, and their echogenic 
characteristics. 

• Benign mediastinal ‘masses’ which EUS can diagnose with or 
without FNA in addition to GISTs include cysts, teratomas and 
inflammatory masses. 

• EUS is an excellent technique in the diagnosis of varices as well 
as for EUS-guided treatment of difficult cases of bleeding varices. 


directed surgical myotomy in other dysmotility syndromes such as 
oesophageal spasm. We have used this technique as illustrated 
in Figure 18.15. 


EUS AND THE STOMACH 


Cancer 


EUS is a complementary technique in the investigation and staging 
of gastric cancer once a biopsy-based diagnosis is made. It provides 
important information on the depth of cancer invasion, nearby 
lymph node metastases as well as the presence of ascitic fluid. 
Although EUS has an important role in the cancer of cardia (junc¬ 
tional), to assess the extension into the oesophagus, it has a rela¬ 
tively more limited role in the decision-making process for surgical 
resection of gastric cancer involving the body and antrum. This is 
because the combination of laparoscopy with peritoneal washings 
and abdominal CT scan can in most cases give adequate informa¬ 
tion on which to base the decision for surgical treatment. 23 

In the UK over 80% of cases of gastric cancer have associated 
lymphadenopathy due to late diagnosis, which is in striking contrast 
with Japan where at least one-third of cancers are diagnosed at an 
early stage because of screening and, in those cases, <15% have 


associated lymphadenopathy. In most studies, the accuracy of T 
staging varies between 88% in T1 and >90% in T3. The lowest accu¬ 
racy, approximately 55%, is in T2. 38 In early cancer, endoscopic 
mucosal resection and endoscopic submucosal dissection (ESD) are 
excellent treatment options but require accurate assessment as to 
whether a lesion is confined to the mucosa or submucosa; in that 
respect, endoscopic ultrasound is invaluable to guide endoscopic 
therapy. 39 ' 40 

Furthermore, endoscopic ultrasound can detect direct liver or 
pancreatic invasion or presence of ascites, which would exclude 
surgery (Fig. 18.16). 

The most important caveat of endoscopic ultrasound in the 
staging of gastric cancer is that only lymph nodes adjacent to the 
stomach can be detected; therefore EUS is complementary to CT 
scanning for accurate lymph node staging. 

EUS is of particular value in the investigation of thickened gastric 
wall to differentiate gastric linitis plastica from gastric lymphoma 
or other causes of submucosal lesions including gastric varices. 
Linitis plastica is often difficult to diagnose on endoscopy and 
biopsy alone, and endoscopic ultrasound would not only demon¬ 
strate heterogeneous hyperechoic thickening but would also enable 
EUS-assisted full wall thickness biopsy. 

Gastric lymphoma 


EUS is of important value in the diagnosis of gastric lymphoma 
(Fig. 18.17). This, in most cases, is a non-Hodgkin's B-cell lym¬ 
phoma that is often difficult to diagnose because of non-specific 
endoscopic findings. Under EUS the abnormal area has poorly 
reflective thickened wall characteristics with associated lymph 
node enlargement. EUS-assisted FNA of the nearby nodes may 
provide definitive tissue diagnosis. Endoscopic ultrasonography is 
very useful in the staging of gastric MALT (mucosa associated 
lymphoid tissue) lymphoma, which is strongly associated with 
Helicobacter pylori infection. This is one of the few lymphomas that 
can regress completely following eradication therapy as long as it 
is restricted to the mucosa and submucosa. 41 EUS is therefore of 
particular value in planning treatment for these patients. 

Gastric polyps 


Polypoid lesions are often encountered in the stomach and in most 
cases they are hyperplastic polyps although on occasions adenoma¬ 
tous polyps are present. The distinction between those polyps can 










Transverse view Coronal view Sagittal view 


EUS and the stomach 
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myotomy in that segment resulted in marked clinical improvement. 
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only be made histologically; however, endoscopic ultrasound may 
be of value prior to attempted endoscopic removal of polyps to 
assess vascularity and depth of invasion (Fig. 18.18). 

Submucosal lesions and 
hypertrophic folds 


The most common submucosal gastric benign tumour is GIST. The 
stomach is the commonest site of GISTs in the GI tract (Fig. 18.19A, 



Figure 18.16 Advanced gastric adenocarcinoma with direct 
invasion of the liver (T4 disease). 


B). GISTs usually arise from the fourth layer (muscularis propria) 
of the stomach. The principles of diagnosis and management 
already covered under the oesophageal GISTs section equally apply 
for the gastric GISTs. In most cases they are asymptomatic and if 
they are small (<2 cm) no further action is usually necessary, 
although some centres prefer a repeat EUS or CT scan a year later 
to ensure no change in size. It is not uncommon for the larger of 
these gastric GISTs to ulcerate and present with acute upper GI 
bleeding or pain. The role of endoscopic ultrasound in these cases 
is limited as surgical excision is usually recommended. In general, 
surgery for a gastric GIST is technically easier, in contrast to the 
oesophageal, where oesophagectomy is often required. 

In those cases where the decision for surgery is not immediate, 
EUS-guided FNA of the tumour is of value to clarify the histological 
diagnosis and determine the degree of mitotic activity. EUS-guided 
FNA is also useful in cases of extensive GISTs with high mitotic 
activity, when preoperative chemotherapy with imatinib (Gleevec) 
is being considered to reduce tumour size, to facilitate surgical 
excision. 

Other subepithelial lesions include lipomas, which are imaged as 
homogeneous hyperechoic submucosal masses arising from the 
third layer (Fig. 18.20). Carcinoid tumours present as small rela¬ 
tively hypoechoic tumours arising from the second or third layers 
(Fig. 18.21). An aberrant pancreas is presented as a hyperechoic 
mass, usually in the antrum of the stomach with occasional ductal 
structures present (Fig. 18.22). 

Endoscopic ultrasound is often used to differentiate true subepi¬ 
thelial/submucosal lesions from extramural compression (Fig. 
18.23). Occasionally, the liver, gallbladder and splenic artery can 
imprint on the wall of the stomach (Fig. 18.24). Endoscopic ultra¬ 
sound will visually delineate the anatomy in such cases. 

Endoscopic ultrasound is often used to investigate hypertrophic 
gastric folds from diffuse pathological conditions, such as gastric 
lymphoma or linitis plastica. 42 

In hypertrophic folds the mucosa and submucosa layers are 
thickened but the muscularis and serosal layers are well 
preserved. This is in contrast to diffuse malignant processes where 
there is fusion of layers and extension depending on the disease 
stage. 



Figure 18.17 Gastric lymphoma. A: EUS appearances of early gastric MALT lymphoma confined to the superficial layers of the 
stomach. The mucosa is thickened with irregular hypoechoic appearance. B: High-grade gastric lymphoma with nearby enlarged 
lymph nodes. 







EUS and the stomach 




Gastric varices 


EUS performed with the latest generation of electronic scopes with 
colour flow and Doppler facilities has been particularly useful in 
the detection of gastric varices; not only in fundal varices but also 
in cases of ectopic varices, which are often misdiagnosed as poly¬ 
poid lesions in the stomach. Gastric varices display as multiple 


Figure 18.18 Presence of gastric polyps (hyperechoic 
protruding into lumen lesions) in a patient with portal hypertension 
and gastric varices (tortuous hypoechoic areas). 


rounded echo-free structures beneath the mucosa and submucosa 
of the fundus with colour flow detection (Fig. 18.25A, B). Further¬ 
more, endoscopic ultrasound can visualise multiple tiny round 
hypoechoic areas within the submucosa of the stomach, which is a 
pathognomonic finding of portal hypertensive gastropathy. Exami¬ 
nation of the deeper structures in these patients usually reveals 
dilation of the mesenteric veins with extensive collateral circulation 
in the perigastric area. With the modern echo-endoscopes with 


Figure 18.20 Gastric lipoma appears as a hyperechoic lesion 
arising from the third layer of the stomach. 


Figure 18.19 GIST in the stomach. A: Malignant GIST arising from the fundus of the stomach infiltrating the left lobe of the liver. 

The lesion is heterogeneous with necrotic centre in one area and lobular irregular appearance. B: Benign GIST (leiomyoma) that appears 
as a round hypoechoic area arising from the fourth layer of the stomach wall. 
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Figure 18.21 EUS appearance of a gastric carcinoid. The 

lesion appears relatively hypoechoic arising from the second layer of 
the stomach. 


Figure 18.22 Incidental finding of a pancreatic rest in the 

antrum of the stomach. 
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Figure 18.24 Splenic artery imprint at the posterior aspect of 
the stomach, giving the impression of a submucosal mass, 
endoscopically. 


Figure 18.23 Extramural compression of the stomach wall 

due to a pancreatic pseudocyst. The pseudocyst appears 
heterogeneous, containing necrotic material. 
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Figure 18.25 Gastric varices. A: Gastric fundal varices appear as tortuous hypoechoic areas within the gastric wall with (i) standard 
B-mode EUS and (ii) under power flow EUS. B: Multiple gastric ectopic varices under colour power flow EUS in a patient with splenic vein 
thrombosis due to neuroendocrine tumour of the tail of pancreas. 


Doppler facilities, thrombosis of the portal or splenic vein can also 
be identified. 

More recently, endoscopic ultrasound-guided therapy has been 
attempted for difficult cases to control gastric variceal bleeding. 
Cyanoacrylate (superglue) or thrombin has been used real-time to 
obliterate bleeding gastric varices. Alternative techniques used in 
our department include the use of a therapeutic endoscope with 
injection of thrombin under mini-probe guidance (Fig. 18.26). At 
present the role of endoscopic ultrasound in portal hypertension is 
still under investigation but this technique appears to be invaluable 
for complex cases and can be of assistance in the diagnosis and 
treatment. 35,36 

Duodenum 


In general the value of endoscopic ultrasound in the duodenum is 
limited because of the rarity of malignancy in this area. However, 
as in the oesophagus and the stomach, it can be of particular value 
in the assessment of duodenal lymphoma, duodenal carcinoma and 
benign submucosal tumours (Fig. 18.27). 

Peptic ulcer disease 


The role of endoscopic ultrasound is limited in the investigation of 
benign gastroduodenal ulcers. Differentiation between malignancy 


and benign disease should always be done histologically. 
The appearances of benign ulcers are those of hypoechoic 
thickening of the area surrounding the ulceration, while 
coexisting fibrosis may present as a linear hyperechoic area at the 
ulcer base. 


Stomach 

• EUS is a complementary technique in the staging of gastric 
cancer, particularly in cancer of the cardia (junctional), to assess 
the extension into the oesophagus, but it has a relatively more 
limited role in the decision-making for surgical resection of gastric 
cancer of the body and antrum. 

• EUS is of value in the investigation of thickened gastric wall to 
differentiate gastric linitis plastica from gastric lymphoma or other 
causes of submucosal lesions including gastric varices. 

• EUS performed with colour flow and Doppler facilities is 
particularly useful in the detection of gastric varices, both fundal 
varices and ectopic, which are sometimes misdiagnosed as 
polypoid lesions in the stomach. EUS-guided treatment of difficult 
cases of bleeding ectopic varices is gaining wider acceptance. 
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Varices 


Figure 18.26 Mini-probe EUS used to assess obliteration of 
gastric varices following thrombin injection. The speckled 
hyperechoic areas indicate thrombus formation. 


EUS IN UPPER Gl TRACT: PRESENT 
AND FUTURE 


With the advent of faster and more powerful computing capabili¬ 
ties as well as technological improvements in the manufacturing of 
echo-endoscopes, imaging has substantially improved. Further¬ 
more, the latest solid-state electronic echo-endoscopes can now be 
directly connected to powerful ultrasound scanners, thus making it 
possible to apply advanced ultrasound imaging techniques such as 
tissue elastography and harmonic imaging in the differentiation of 
benign from malignant tissue. 43 

As transducer manufacturing improves, new thinner 360° radial 
electronic echo-endoscopes are being developed that permit optical 
forward viewing. They are easier and safer to use to intubate the 
oesophagus as they allow direct vision. More recently, prototypes 
of forward viewing therapeutic echo-endoscopes have also been 
developed for transgastric drainage of pancreatic pseudocysts. 44 

Generic freehand 3D-EUS add-on systems to echo-endoscopes 45 
have also been developed in order to further improve cancer staging 
and provide important information regarding tumour characteris¬ 
tics such as length, depth, volume and distance from reference 



Figure 18.27 Duodenal polyp in a patient with neurofibromatosis 
type I. 


anatomical structures including the aortic arch and oesophagogas- 
tric junction (Fig. 18.28). 

Another important development is the very thin echo-endoscope 
with optics similar to endobronchial ultrasound scopes for staging 
of stenotic oesophageal lesions. 

Finally merging of EUS with CT scanning has been attempted, 
using position sensors in order to fuse images and facilitate the 
interpretation of both CT and EUS images to further improve 
staging for upper GI cancer. 


Present and future 

• New technological developments, such as forward viewing EUS 
scopes for diagnosis and therapy, tissue elastography, three- 
dimensional EUS, and merging of EUS with CT or MRI images for 
more accurate anatomical correlations, are likely to enhance 
further the role of EUS in the diagnosis and management of 
upper Gl pathologies. 








Transverse view Coronal view Sagittal view 


EUS in upper Gl tract: present and future 
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Figure 18.28 Example of a 3D EUS reconstruction in a patient with oesophageal cancer who was treated with radiotherapy. 
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ULTRASOUND TECHNIQUE 


Ultrasound (US) examination of the bowel should be performed 
together with a general US examination of the abdomen and pelvis. 
Following the example of clinical palpation of the abdomen, it is 
advisable to perform the general US first, prior to focusing on the 
bowel and any areas of specific symptoms or local tenderness. The 
complications of bowel disease often extend to involve adjacent 
organs, the mesentery, peritoneal recesses (e.g. subdiaphragmatic 
and pelvic collections), or spread haematogenously, particularly via 
the portal vein to the liver. Using a lower-frequency probe, particu¬ 
lar attention should be paid to those areas beyond the reach of the 
high-frequency probes needed for detailed examination of the 
bowel wall. 

The general abdominal probe may also be used to map the layout 
of the large bowel, identified by its typical haustral pattern, and to 
examine pelvic small bowel loops. 

A higher-frequency probe is needed for detailed examination of 
the bowel wall, but the improved resolution comes with reduced 
penetration. Equipment parameters need optimising to maximise 
the contrast differences in bowel wall layers and to retain sharp 
images during active peristalsis. Most manufacturers now offer a 
bowel setting but fine adjustment with an application specialist is 
advisable. 


Graded compression of the abdominal wall with the probe 
involves the gradual increase of compression whilst scanning, 
avoiding pain to the patient, and this technique has multiple 
benefits. Overlying soft tissues are compressed, bringing the 
probe closer to the bowel; gas is displaced from bowel loops, over- 
lying bowel loops are displaced from those beneath, and the 
compressibility/rigidity of normal and abnormal bowel loops and 
mesenteric fat can be assessed. 1 

The right and left iliac fossae are relatively superficial spaces and 
common sites of bowel pathology. On the left, the colon descends 
in front of the psoas and iliac vessels before reflecting back up into 
the lower abdomen as the sigmoid loop (Fig. 19.1). Being larger than 
small bowel and more easily identified, it is a good starting point 
for the focused bowel examination and an opportunity to optimise 
scanning parameters so that the bowel wall layers can be clearly 
identified. 

The relationship between the terminal ileum, caecum and the 
right iliac fossa is less constant; the terminal ileum should only be 
specified as such if seen entering the ileocaecal valve. Systematic 
sweeps of the probe up and down/across the abdomen allows 
interrogation of the small bowel, with the advantage that abnormal 
small bowel segments are frequently more obvious than healthy 
bowel loops. It is often advantageous to re-examine the right iliac 
fossa with the patient in a left decubitus position, which allows 
movement of mobile small bowel and caecum into a different 
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position and often reduces the amount of soft tissue between probe 
and target loops. In adult female patients transvaginal scanning 
may give excellent views of pelvis small bowel loops. 

If a suspicious bowel segment is identified, it should be 
specifically examined for bowel thickening and alteration in 
individual bowel layers (see below). Extraintestinal abnormalities 
such as thickened mesenteric fat, interloop fluid, exudates. 


lymphadenopathy etc. should be sought. The vascularity of the 
abnormal segment should be assessed with colour and power 
Doppler. 

Diseases in the caecum and appendix are dealt with elsewhere, 
but it is always valuable to record the finding of a normal appendix, 
and essential to document whether the appendix has been identified 
or not when other pathology is demonstrated in the right iliac fossa. 


Ultrasound technique 

• Focused bowel ultrasound should always be accompanied with a 
general examination of the abdomen and pelvis. 

• Lower-frequency probes are essential for examining bowel loops 
in deeper recesses. 

• Higher-frequency probes are essential for detailed analysis of 
bowel wall changes. 

• Graded compression brings bowel loops within reach of the 
high-frequency probe and displaces bowel gas. 

• Specific bowel settings should be defined or optimised (with the 
application specialist if necessary). 



Figure 19.1 Sonogram of a normal left iliac fossa. Anteriorly, 
rectus muscle; posteriorly, psoas muscle and iliac artery (IA). Empty 
left colon seen in cross-section in front of the psoas muscle (white 
arrows). 


THE ULTRASOUND APPEARANCE OF 
NORMAL SMALL BOWEL WALL 


At diagnostic transabdominal US frequencies, under favourable 
conditions, five distinct bowel wall layers can be discerned. Viewed 
transversely these are appreciated as concentric circles of alternat¬ 
ing hyper- and hypoechogenicity. These layers approximate to the 
histological structures (Fig. 19.2): 

1. superficial mucosa (fine bright line) 

2. deep mucosa including the lamina propria (grey) 

3. submucosa (bright) 

4. muscularis propria (dark) 

5. serosa (fine bright line) 

Comparison of histological measurements with in-vivo and 
in-vitro ultrasound measurements indicate that strong interface 
echoes tend to exaggerate the thickness of the submucosa at the 
expense of the adjacent hypoechoic layers. 2 The visibility of the fine 
bright interface reflections of the 'serosa/adventitia' and the 'super¬ 
ficial mucosa' is highly dependent on the echogenicity of adjacent 
structures and is most easily seen where there is fluid in the bowel 
lumen or ascites between bowel loops. 

At lower diagnostic frequencies and less favourable conditions at 
least the two most prominent layers are evident: the bright submu¬ 
cosa (third layer) and the dark muscularis propria (fourth layer). 


Normal small bowel - US features 

• Five bowel wall layers may be identified under optimal conditions. 

• The most prominent layers are submucosa (bright) and 
muscularis propria (dark). 

• Small bowel wall thickness is less than 3 mm. 

• Doppler US does not demonstrate normal bowel wall vascularity. 

• Normal small bowel loops are compliant, easily displaced and 
show peristalsis. 



Figure 19.2 Normal small bowel ultrasound. A: Graphic representation of a transverse US view of distal small bowel demonstrating 
the five-layer structure. B, C: Transverse US images of normal distal small bowel in contracted and distended states. Only the bright 
submucosa and dark muscularis propria are easily discernible. 
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due to their relative thickness and high contrast. The deep mucosa 
is of similar thickness but being of intermediate echogenicity is 
more easily lost against the luminal contents. 

The normal small bowel wall is up to 2-3 mm thick, 3,4 varying 
with the state of contraction/relaxation (Fig. 19.2). Small bowel 
folds consisting of mucosa and submucosa, but not muscularis 
propria, extend into the lumen. In the jejunum these folds are taller, 
slightly thicker and more numerous than in the ileum where folds 
are absent or sparse; in the collapsed state at fasting US examina¬ 
tion, jejunal folds fill the lumen and may be perceived as a 'herring 
bone pattern'. 

Peristaltic waves pass along small bowel segments at a frequency 
determined by multiple factors, such as gastric distension. As elec¬ 
tive US examinations are usually performed after a period of 
fasting, the intestines are generally observed in a quiescent state but 
some peristalsis should be seen in healthy bowel segments. 

Slung in the peritoneal cavity on a long mesentery, the small 
bowel is mobile and adjacent loops are easily displaced by compres¬ 
sion. Healthy small bowel is easily compressed (note: excessive 
compression may give false measurements). 

The intestinal blood supply runs in the mesentery to the 
mesenteric border of the bowel and branches (vasa recta) extend 
around to the antimesenteric border, perforating at intervals to 
access the bowel wall. In health these bowel wall vessels are barely, 
if at, all visible on colour or power Doppler. 5 

In optimal conditions, small oval mesenteric lymph nodes may 
be demonstrated, but if easily seen, numerous or enlarged, these 
should be considered significant and an intestinal cause sought. 

Mesenteric fat within the visceral peritoneum is commonly 
observed as alternating hypo- and hyperechoic bands, which may 
cause confusion, mimicking longitudinal sections of bowel loops. 
This is easily solved by altering the plane of interrogation when the 
bands persist and are confirmed not to be tubular structures. 


THE ULTRASOUND APPEARANCES OF 
ABNORMAL SMALL BOWEL 


Before considering specific diseases of the small bowel it is worth 
noting the general characteristics altered by pathology that may be 
observed at US, which form a useful checklist during examinations. 
These are as follows: 

■ bowel wall thickness 

■ bowel wall layers 

■ bowel lumen 

■ bowel plasticity/mobility/peristalsis 

■ altered blood flow 

■ mesenteric/interloop changes. 

Bowel wall thickness 


The most common US feature of small intestinal pathology is thick¬ 
ening of the bowel wall, which may be focal or diffuse, circumfer¬ 
ential or segmental. Thickening may be due to the presence of 
oedema, haemorrhage, inflammation, tumour growth or infiltra¬ 
tion. Any of these may result in the classic US feature of a hypoe- 
choic circumferential thickening around a strong echogenic centre 
(lumen),variously referred to as the target sign, ring sign or pseudo¬ 
kidney sign. 

Tumours may produce focal expansion towards/into the bowel 
lumen (endoeccentric) to produce a polyp or polypoid mass, or 
away from the lumen (exoeccentric) into the peritoneal cavity dis¬ 
placing adjacent bowel loops. 

Bowel wall layers 


Where bowel wall thickening is observed with high-frequency 
transducers, the normal bowel layer pattern may be preserved. 


exaggerated, distorted, diminished or obliterated. The high resolu¬ 
tion of US provides a unique opportunity to identify the specific 
bowel layers affected, to characterise the lesions and diagnose the 
underlying process. 

Bowel lumen 


Commonly when the bowel wall is thickened, the bowel lumen is 
compromised, becoming narrowed or strictured. An uncommon 
exception to this is aneurysmal dilatation, where the lumen in the 
diseased segment enlarges; this is a particular feature of intestinal 
lymphoma and thought to be due to destruction of the autonomic 
nerve plexus in the bowel wall by infiltrating tumour. 6 

Dilatation of the bowel lumen is seen proximal to the obstructing 
lesion, where it may initially be accompanied by increased peristal¬ 
sis. Dilatation with no peristalsis may be due to late stage obstruc¬ 
tion or 'paralytic' ileus (most commonly seen after abdominal 
surgery). 

Bowel plasticity/mobility/peristalsis 


Most disease processes result in stiffening of the affected bowel 
segment(s), which is observed at US as more rigid, less compress¬ 
ible, less easily displaced and with reduced or absent peristalsis. 

Altered blood flow 


Where an abnormal bowel segment or mass is identified, examina¬ 
tion with colour or power Doppler may usefully demonstrate an 
associated alteration in blood flow (e.g. hyperaemia in actively 
inflamed segments). 

Extramural changes 


Bowel wall disease may extend out to involve adjacent loops or 
solid organs, or be the result of external disease involving the bowel 
loop. Direct or secondary involvement of mesenteric structures may 
also be seen. 

Mesenteric lymphadenopathy 


Lymph node size, shape (oval/round), echotexture (hyper/ 
hypoechoic, heterogeneous), smooth or irregular surface, 
conglomeration/matting, should be documented as these may aid 
in narrowing the diagnosis. 


CROHN’S DISEASE 


Crohn's disease (CD) is a lifelong inflammatory gastrointestinal 
condition of uncertain aetiology characterised by episodes of remis¬ 
sion and relapse and the development of serious complications. The 
disease course may be modified by medical therapy but 90% will 
require surgery within 10 years of diagnosis. 7 US has a useful role 


Abnormal small bowel - US features 

• Small bowel wall thickness >3 mm is probably abnormal; > 4 mm 
is definitely so. 

• Bowel wall thickening may be due to oedema, haemorrhage, 
inflammation/infection or tumour. 

• Thickened bowel wall segments should be interrogated for 
changes in bowel wall layers, altered vascularity, perienteric fluid 
or fat proliferation. 

• If bowel wall is thickened, check lymph nodes and liver. 
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in diagnosing CD, 8,9 assessing and monitoring disease activity and 
identifying complications. 10 

CD may involve any part of the gastrointestinal tract and may 
involve multiple segments at the same or different times. Large 
bowel disease, ileocolic and terminal ileal disease are the most 
common patterns with the terminal ileum being involved in up to 
75% of cases at presentation. Proximal small bowel CD without 
terminal ileal involvement is seen in only 3% of cases. 11 

The inflammatory process may extend through all the bowel 
layers and beyond, resulting in intraperitoneal disease and involve¬ 
ment of adjacent bowel loops and/or organs. 

Inflammatory episodes commence in the mucosa with an immune 
response to the trigger event(s). Through leaky vessels, an initially 
humoral and subsequently cellular immune response results in 
thickening of the mucosal layer and damage to the mucosal surface. 
The submucosa generally thickens in response to the hypervascu¬ 
larity or inflammatory cellular infiltration. But CD is characterised 
by transmural inflammation that extends out to involve the muscu- 
laris propria and serosa, interrupting sonographic layers and blur¬ 
ring or completely obliterating stratification in either a segmental 
or circumferential fashion. 

As the inflammation becomes more chronic, fibrosis may make 
this exaggeration or loss of stratification permanent. The inflamed 
segment becomes more rigid and less compressible, with the loss 
of normal peristaltic activity. Where there is circumferential involve¬ 
ment of the bowel wall, the lumen becomes narrowed and there 
may be dilatation of the proximal healthy bowel. Asymmetrical 
involvement of the bowel wall with disease predominantly affect¬ 
ing the mesenteric border may result in ballooning of the anti- 
mesenteric wall (pseudo-sacculation). 

Clinical features of CD 


Patients with CD may present at any age, but most commonly in 
late teens and early adulthood. 

Diarrhoea of more than 6 weeks duration, abdominal pain and 
weight loss are the most common presenting symptoms. The young 
patient with right iliac fossa pain and a mass may easily be misdi¬ 
agnosed as having acute appendicitis. Blood and/or mucus in the 
stool generally indicate colonic involvement. Perianal fistulas are 
present in 10% of patients at presentation. 12 Extraintestinal involve¬ 
ment is also common, particularly an associated inflammatory 
arthropathy. 

Ultrasound features of Crohn’s disease 


Bowel wall thickening 

The primary imaging feature of CD is thickening of the bowel wall 
and US has been shown to identify wall thickening in patients with 
suspected CD with a sensitivity of 75-94% and a specificity of 
67-100%. 13 


Crohn’s disease 

• Patients are often children or young adults and most commonly 
have a history of diarrhoea and abdominal pain. 

• US is very good at identifying terminal ileal and ileocolic CD. 

• Bowel layers may be separately thickened, or bowel layers may 
be indistinct/blurred or obliterated by hypoechoic transmural 
inflammation. 

• Actively inflamed segments show increased vascularity on power 
Doppler and associated lymphadenopathy. 

• Look for CD complications; stricture, abscess and fistula. 


Bowel wall thickening - diagnostic threshold 

The earliest changes of mucosal interface interruption and thicken¬ 
ing limited to the mucosal layer may be subtle, insensitive and open 
to inter-observer error. Reliance therefore tends to be placed on 
absolute measurements of bowel wall thickening. The normal small 
bowel wall thickness is taken to be up to 3 mm (this varies consider¬ 
ably with peristaltic distension and contraction). The sensitivity and 
specificity for the diagnosis of CD by wall thickening is determined 
by the threshold set for defining 'abnormal thickness'. A meta¬ 
analysis of studies using US measurements of wall thickening to 
diagnose CD reported an 88% sensitivity and 93% specificity with 
a diagnostic threshold of >3 mm, changing to 75% and 97% respec¬ 
tively when the threshold is raised to >4 mm. 14 


Bowel wall layers (mural stratification) 

Careful examination of the involved segment may show one of the 

following patterns: 

1. Isolated thickening of the mucosa (Figs 19.3, 19.4) which 
may be accompanied by interruption of the lumen-interface 
echo (layer 1) due to sloughing of the mucosal surface, and/ 
or tiny bright echoes due to gas in mucosal ulcers. 

2. Thickening of the mucosa and submucosa with clear 
preservation of the bowel layers (Fig. 19.5) producing a 
target sign. 

3. Segmental or circumferential hypoechoic thickening of the 
full thickness of the bowel wall with the layers being 
indistinct or completely absent (Figs 19.6, 19.7). Irregular 
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Figure 19.3 Crohn’s disease: acute terminal ileitis with 
mucosal thickening only. A young adult female presented with 
diarrhoea and weight loss. A: Longitudinal US of distal ileum with 
nodular thickening of mucosa with normal submucosa and muscle 
layers. B: Adjacent mesenteric lymphadenopathy. C: Spot image 
from a concurrent barium study showing aphthous and shallow 
terminal ileum ulcers (white arrows). 
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Figure 19.4 Crohn’s disease: jejunal fold thickening. 

Transverse US showing jejunal CD with thickening limited to 
mucosal folds (arrow). 



Figure 19.5 Crohn’s disease: acute ileitis (preserved layers). Longitudinal (A) and transverse (B) images of ileum showing thickened 
mucosa (interrupted long white arrow), thickening submucosa (long solid white arrow) but normal muscle layer (short white arrow) and no 
peri-intestinal fat wrapping or fluid. 


■ Figure 19.6 Crohn’s disease: acute ileitis with segmental transmural inflammation. 

Transverse scan of distal ileum demonstrating thickening of mucosa and submucosa (pattern 2) with 
a small segment of transmural inflammation breaching the submucosa (white arrow). 



mixed hypoechoic inflammatory exudate may be present on 
the serosal surface. Deep ulcers may be easily evident if filled 
with bowel gas. The transmural hypoechoic change may be 
limited to a section of the bowel circumference. 

These patterns indicate the progress of the disease through the 
bowel wall; 15 pattern 3, indicating transmural inflammation, may 
be accompanied by complications (see below). 


Fat wrapping 

Transmural inflammation stimulates proliferation of mesenteric/ 
subserosal fat, which 'creeps' around the inflamed bowel segment, 
a distinguishing characteristic of transmural CD (Fig. 19.7). Fat 
wrapping correlates with histological evidence of transmural 
inflammation and associated complications like fistulation. 16 
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Figure 19.7 Crohn’s disease: circumferential transmural inflammation. A: Transverse scan of a diseased segment of distal ileum. The 
inflamed wall is thickened and hypoechoic with loss of layers (long white arrow). The lumen is narrowed. The segment is surrounded by 
subserosal ‘creeping fat’ (short white arrows). B: Longitudinal scan of the same bowel segment. Transmural hypoechoic thickening with 
deep ulcers and inflammatory exudate on the serosal surface. 
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Vascular changes 

Actively inflamed bowel segments have an increased blood flow 
which may be demonstrated with colour Doppler or power Doppler 
imaging (Fig. 19.8). Studies have shown this phenomenon to be 
helpful in distinguishing active inflammatory lesions from fibrotic 
strictures, and in monitoring response to medical therapies. The use 
of US contrast media may further increase the diagnostic confidence 
by quantifying this phenomenon. 17 

Locoregional lymphadenopathy 

Active intestinal CD is usually accompanied by lymphadenopathy 
in the mesentery. 

Local complications of small bowel 
Crohn’s disease 


Transmural inflammation is a hallmark of CD and this results in 
the local complications of stricture, abscess and fistula. US is useful 
in detecting these complications but may miss enteroenteric 
fistulas. 18 


Figure 19.8 Crohn’s disease: active inflammation. US ileal 
bowel loop with mucosal thickening and hyperaemia shown with 
power Doppler, indicating active inflammation. 


Stricture 

Narrowing of the bowel lumen sufficient to produce impaired intes¬ 
tinal function and obstructive symptoms may be seen both in active 
inflammatory segments (hot strictures) and in segments where 
fibrosis dominates (cold strictures) (Fig. 19.9). Spasm and oedema 
contribute to the narrowing of active disease segments and may 
rapidly respond to medical therapy. Persistent symptomatic stric¬ 
ture is the most common indication for surgery. In addition to clini¬ 
cal assessment, laboratory results and endoscopic findings, imaging 
makes a significant contribution in distinguishing between inflam¬ 
matory and fibrotic strictures. 

Active inflammatory strictures are hyperaemic compared with 
normal bowel and with fibrotic strictures. Colour and power 
Doppler barely demonstrates normal vascular activity in healthy 
bowel wall but both demonstrate the increased flow in inflamed 
bowel wall and inflammatory masses (see Figs 19.9, 19.12, 19.13). 
Doppler US assessment of increased superior mesenteric artery 
blood flow has also been used to assess CD activity. 19 

Abscess 

Transmural inflammation extending out to and beyond the serosal 
bowel surface may be seen at US as irregular mixed low echo 
inflammatory exudate on the serosal surface, a mixed low echo 
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inflammatory mass between bowel loops, or an irregularly thick 
and walled collection with a liquid centre (abscess). Abscesses may 
form between bowel loops or in adjacent structures such as the 
abdominal wall (Fig. 19.10). 

Fistula 

In up to one-third of patients, penetrating fissures can extend to 
create an abnormal communication between the lumen of the 
disease bowel segment and adjacent bowel loops (enteroenteric or 
enterocolic fistula), the skin (enterocutaneous fistula) or any adja¬ 
cent hollow organ (uterus, bladder etc.). 

The communication between adherent bowel loops may be dif¬ 
ficult to identify and underestimated by all imaging modalities. At 
US fistulas are identified as irregular tubular hypoechoic tracks 20 
(Fig. 19.11) and occasionally may demonstrate small hyper-reflective 
air bubbles within (Fig. 19.13), 21 but the presence of adjacent 
indrawn, angulated bowel loops connected by mixed hypoechoic 
inflammatory exudate is highly suspicious of fistula formation 
(Fig. 19.12). 

Disease activity 


Management decisions in CD require reliable assessments of 
disease activity. Clinical assessment and laboratory results are 
central and scoring systems such as the Crohn's Disease Activity 



Figure 19.9 Crohn’s disease: stricture. A: Longitudinal scan of a 
short ileal stricture with bright gas in the tight lumen. Only the 
mucosa appears thickened. B: Power Doppler shows hyperaemia 
indicating an inflammatory stricture (suitable for medical therapy). 

C: Another bowel segment in the same patient showing transmural 
hypoechoic thickening and a deep gas-filled ulcer. 



Figure 19.10 Crohn’s disease: abscess. A well-circumscribed 
anterior abdominal wall abscess (long white arrow). Deep to the 
abscess is a bowel loop showing transmural inflammation (short 
white arrow). 
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Figure 19.11 Crohn’s disease: enterocutaneous fistula. A and B: Irregular hypoechoic fistula (long white arrows) track through the 
anterior abdominal wall and subcutaneous tissues. 
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Figure 19.12 Crohn’s disease: enteroenteric fistula. A: Interloop inflammatory exudate is seen between the thickened hypoechoic 
bowel loop (white arrow) and adjacent normal bowel loops. B: Power Doppler scan demonstrates hyperaemia in the inflammatory exudate. 


Index (CDAI), based on symptoms (e.g. number of loose stools/ 
day), signs (e.g. palpable abdominal mass) and blood test results, 
are commonly used to monitor therapeutic responses. However, 
symptoms may be due to factors other than active inflammation 
(e.g. cold strictures, bacterial overgrowth) and US may usefully 
contribute to assessment of disease activity by documenting the 
vascularity of lesions with colour or power Doppler (Figs 19.8, 
19.9, 19.12, 19.13) and accuracy may be improved by the use of 
intravenous contrast agents. 22 Semi-quantitative scoring systems 
have been devised for comparative assessments; one such, the 
Limberg score, combines wall thickening (>4 mm with blurred or 
lost layers) with increasing degrees of vascularity on power 
Doppler (none, spots, branching vessels, and extent into mesentery), 
and good correlation with histological assessment of inflammatory 
activity has been demonstrated. 23 


INTESTINAL INFECTIONS 


The small bowel is a common site for infections from viruses, bac¬ 
teria and parasites (such as Anisakis worms from raw fish). Most 
symptomatic episodes are short, self-limiting and seldom present 



Figure 19.13 Crohn’s disease: pelvic fistula. This 43-year-old 
man presented with a 2-month history of lower abdominal pain, 
increasing urinary frequency, night sweats and raised inflammatory 
markers. A: US shows a thickened small bowel loop descending 
into the pelvis with extraintestinal hypoechoic fistula tracks 
containing hyper-reflective gas bubbles. B: Power Doppler confirms 
the inflammatory hyperaemia. 














Intestinal infections 


for imaging investigations. Exceptions to this are a group of infec¬ 
tions that mimic acute appendicitis, and chronic infections, particu¬ 
larly intestinal tuberculosis, that may mimic inflammatory bowel 
disease. 

Infectious ileocaecitis 


Yersinia , Campylobacter and Salmonella bacteria are well-known 
causes of acute diarrhoeal illnesses, usually self-limiting, diagnosed 
symptomatically and not intentionally referred for imaging 
investigations. 

Uncommonly, however, these organisms may produce an enteric 
infection confined to the ileocaecal region, patients presenting 
with right iliac fossa symptoms of pain and tenderness; diarrhoea 
may be minimal or absent. The severity of symptoms varies but in 
more acute cases may result in unnecessary appendectomy, and in 
more protracted cases may be mistaken for Crohn's disease or 
appendix mass. 

Ultrasound examination reveals a symmetrical thickening of the 
wall of the terminal ileum and caecum confined to the mucosal and 
submucosal layers with no extension to the muscularis, serosa or 
beyond into the mesentery. It has been reported that the extent of 
caecal/ colonic involvement may vary with the specific pathogen. 24 
Local mesenteric lymph nodes are usually enlarged. The visualised 
appendix is normal (Fig. 19.14). 


The absence of transmural inflammatory changes/complications 
and the relatively short course of symptoms help to distinguish 
acute infectious ileocaecitis from Crohn's disease. Most importantly, 
this condition is distinguished from acute appendicitis and an 
unnecessary operation avoided. 

Intestinal tuberculosis 


In Western countries, where tuberculosis is no longer endemic, this 
disease has re-emerged particularly in migrant populations and 
those immunocompromised by HIV/AIDS. 

Non-specific symptoms such as abdominal pain, weight loss, 
anaemia and fever predominate but patients may present with 
symptoms of intestinal obstruction or palpable abdominal mass. 

Though any part of the gastrointestinal tract can be affected, ile¬ 
ocaecal involvement is most common but isolated ileal or jejunal 
disease does occur and is a particular feature of atypical tuberculo¬ 
sis (e.g. Mycobacterium avium intracellulare). 

Ultrasound features 25,26 include bowel thickening with luminal 
narrowing and superficial or deep ulcers. Typically the bowel thick¬ 
ening involves the terminal ileum, ileocaecal valve and caecum 
(Figs 19.15, 19.16). Lymphadenopathy is common and may form 
conglomerate (matted) lymph node masses. Bowel loops may be 
matted together by inter loop exudates or abscesses. Extraintestinal 
disease may produce ascites or peritoneal thickening. 




Figure 19.14 Acute infectious ileitis. This 
53-year-old woman presented with 3 days of 
right iliac fossa pain. Appendicitis was 
suspected. A: Longitudinal US of the terminal 
ileum which thickening of the mucosa 
(interrupted arrow), thickening and blurring of 
the submucosa (short white arrow). A fine white 
line (tiny white arrows) is seen at the meeting of 
anterior and posterior wall mucosal surfaces. 
The normal appendix is seen deep to the 
terminal ileum (curved arrow). B: Power Doppler 
transverse scan of the terminal ileum showing 
hyperaemia. After conservative management, a 
repeat US 2 months later showed normal 
terminal ileum and appendix. 



Figure 19.15 Ileocaecal 
tuberculosis. A: US showed 
a thickened contracted 
caecum (short white arrow) 
and enlarged pericaecal 
lymph nodes (long white 
arrows). B: Spot film of the 
barium study showing the 
contracted caecum and 
superficial ulcerations (white 
arrowheads) along the 
ascending colon. The terminal 
ileum is dilated and there is 
the distorted ileocaecal valve 
at an obtuse angle (long white 
arrow). 
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Figure 19.16 lleocaecal tuberculosis. This 47-year-old Asian woman with previous pulmonary TB presented with weight loss and 
abdominal pain. A: Sonogram showing an irregular, hypoechoic contracted caecum, the ileocaecal valve (arrowhead) and thickened 
terminal ileum with distorted but preserved stratification. B: Doppler US showed no hyperaemia. C: An earlier CT scan of the same patient 
showing the thickened contracted caecum (white arrow), fixed, open ileocaecal valve (arrowhead), a dilated terminal ileum, and multiple 
enlarged mesenteric lymph nodes (interrupted white arrows). 





Small bowel vasculitis 


Anisakiasis 


Anisakiasis is a parasitic infection of the gastrointestinal tract due 
to a worm present in raw or undercooked fish. Patients present 
within a couple of days of consuming the fish with acute abdominal 
pain. US may demonstrate 10-40 cm long segments of small bowel 
thickening due to an eosinophilic granulomatous response, most 
commonly in the distal ileum, with interloop ascites. 27 


SMALL BOWEL ISCHAEMIA 


Interruption or critical reduction in the blood supply to or venous 
drainage of the bowel may result in ischaemic damage which may 
be focal or diffuse. The extent and severity of the injury is deter¬ 
mined by the level of the interruption, the extent of vascular disease 
in the mesenteric circulation, and the cardiovascular function. 
Ischaemic damage may be limited to the mucosa in small vessel 
disease, but large vessel occlusion may result in full thickness bowel 
infarction which is frequently fatal (Table 19.1). 

The classic clinical presentation of acute mesenteric ischaemia 
(AMI) is the sudden onset of severe abdominal pain with diarrhoea 
or vomiting. Patients are typically over 50 years old, or have a high 
risk factor such as atrial fibrillation if under 50. In the early stage 
there is little to find on examination, but later bowel infarction or 
perforation may result in signs of peritonitis and fever, and pro¬ 
found shock may develop. 

Computed tomography (CT) scanning is the investigation of 
choice in AMI. US may be hampered by gas in distended bowel 
loops (paralytic ileus), but sonographic features include bowel wall 
thickening (transmural hypoechoic or predominantly submucosal), 
ascites, and reduced or absent vascularity of the thickened bowel 


Differential diagnosis 

• Not all bowel thickening is due to Crohn’s disease; remember 
ischaemia, infection and malignancy among others. 

• Hypoechoic transmural thickening with no increased vascularity 
suggests a cause other than CD. 

• Marked thickening of caecum and terminal ileum may be seen in 
lymphoma and tuberculosis. 

• Acute infectious ileocaecitis and CD may both clinically mimic 
acute appendicitis. 


on Doppler scanning. 28,29 Doppler examination may demonstrated 
the level of obstruction in the mesenteric vessels. 


SMALL BOWEL VASCULITIS 


There are a number of uncommon immune-mediated diseases 
affecting the intestinal blood vessels, producing ischaemia, mural 
oedema and haemorrhage, and mucosal ulceration. The extent of 
the ischaemia depends on the size of the vessels affected (Table 
19.2). The smallest vessels supply the mucosa and this is the primary 
site of ischaemic damage; deeper layers may survive due to col¬ 
lateral perfusion. Full thickness infarction is usually only seen with 
large vessel involvement. 

US features are bowel thickening with reduced peristalsis, pre¬ 
served, exaggerated, indistinct or obliterated layers, and mucosal 
ulceration. Interloop ascites and other mesenteric changes may be 


Table 19.1 Causes of bowel ischaemia 

Cause 

Mechanism 

Mesenteric arterial 

Thrombosis/thromboembolism/embolism 

occlusion 

(including therapeutic) 

Atherosclerosis 

Aortic surgery/stent placement 
Fibromuscular dysplasia 

Vasculitis 

Mesenteric venous 

Venous thrombosis (primary and 

occlusion 

secondary) 

Intramural vein phlebitis 

Mechanical 

Strangulation (bowel obstruction with 
vascular compromise) 

Closed loop obstruction 

Prolonged bowel dilatation of any cause 

Inflammation 

Pancreatitis/appendicitis/diverticulitis etc. 

Low flow or 

Shock (haemorrhagic/cardiogenic/septic) 

vasospasm 

Cardiac failure/arrhythmia 

Dehydration 

Drug-related (including recreational, e.g. 
cocaine) 

Other 

The radiation/trauma/corrosive injury/ 
chemotherapy 

Adjacent to intestinal tumours (e.g. 
carcinoid) 


Table 19.2 Vasculitis 

Type of vasculitis 

Affected vessel type/size 

Target organs/bowel 
segments 

Bowel lesions/complications 

Polyarteritis nodosa 

Medium to smaller arteries 

Kidneys, liver, intestines 

Penetrating ulcers/haemorrhagic infarcts 

Rheumatoid vasculitis 

Medium sized vessels 

Joints/intestines 

Segmental infarction/intestinal strictures 

Systemic lupus 
erythematosus 

Small vessels 

Small intestine 

Segmental necrosis/perforation 

Henoch-Schonlein 

purpura 

Post-capillary venulitis 

Small intestine (distal ileum) 

Gastrointestinal bleeding, mucosal/ 
submucosal haemorrhage/ulcers/ 
intussusception 

Behget’s syndrome 

Small vessels 

Skin/joints/CNS intestines 
(ileocaecal) 

Shallow/deep ulcers/perforation 

Churg-Strauss 

syndrome 

Large vessels 

Lung/skin/intestines (small 
and large) 

Ulcers/necrosis/perforation 


Data from Herlinger H, Maglinte DT, Birnbaum BA. Clinical Imaging of the Small Intestine, 2nd Edition, Springer, 2001. 
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Figure 19.17 Small bowel vasculitis. A 16-year-old woman with 
a known Henoch-Schonlein purpuric rash presented with a sudden 
onset of severe acute abdominal pain. A: Longitudinal US image of 
thickened distal ileum crossing the psoas in the right iliac fossa. The 
mucosa (interrupted white arrow) and submucosa (white arrow) are 
thickened and indistinct; the muscle layer appears unaffected (thick 
white arrow). Air is seen in mucosal ulcers (white arrowhead). 

B: Transverse US image of ileum with power Doppler showing 
blood flow in the external layers (long white arrow), indicating this is 
not full thickness infarction. A trace of free fluid (asterisk) is present 
but no change in subserosal fat. C: MRI scan showing thickened 
ileal loops (white arrow) in the right iliac fossa and pelvis with 
exaggerated wall layers and some free fluid. 


seen. Studies differ on distinguishing between inflammation and 
ischaemia on wall thickening alone 30,31 but US colour/power 
Doppler may show normal, reduced or absent blood flow in the 
ischaemic bowel wall in contrast to the hyperaemia of acute inflam¬ 
matory conditions 32 (Fig. 19.17). 


SMALL BOWEL TUMOURS 


Primary small bowel tumours are rare. Although the small bowel 
constitutes 75% of the length and 90% of the surface area of the 
gastrointestinal tract, it is the site of only 25% of benign and less 
than 5% of malignant gastrointestinal tract tumours. Large bowel 
cancer is 60 times more common. Protective factors may include, 
among others, rapid cell turnover, fast transit times, alkaline intes¬ 
tinal contents and the scarcity of bacteria. 33 

Clinical presentation 


Symptomatic lesions, whether benign or malignant, most com¬ 
monly present with abdominal pain (intermittent or progressing 


to full-blown obstruction), bleeding (usually non-visual but 
occasionally as frank haemorrhage), and uncommonly with a pal¬ 
pable mass. 

Malignant small bowel tumours 


About two-thirds of symptomatic small bowel tumours are malig¬ 
nant and over 95% of these are adenocarcinomas, carcinoids, lym¬ 
phomas or sarcomas (malignant gastrointestinal stromal tumours 
or leiomyosarcomas). 30 

Adenocarcinoma 

Adenocarcinomas are the most common primary small bowel 
malignancy and usually develop in the duodenum or proximal 
jejunum. There is an increased risk of adenocarcinoma in long¬ 
standing Crohn's disease and these lesions may occur in the ileum. 

Sonographically these tumours may be intraluminal or intramu¬ 
ral, annular, polypoid or infiltrative, echogenic masses or target 
lesions (Fig. 19.18). 34,35 The lesions spread to lymph nodes, liver and 
peritoneum. Lymphadenopathy is usually less marked than with 
lymphomas. 
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Figure 19.18 Primary intestinal adenocarcinoma. A 53-year-old man presented with abdominal pain and vomiting. A: US Long view of 
an hypoechoic annular tumour (white arrow) with an irregular surface occluding the third part of the duodenum deep to the superior 
mesenteric artery (arrowhead). B: US transverse scan of the tumour beneath the SMA. 


Carcinoid 

Carcinoid tumours are small, slow-growing, submucosal tumours 
occurring most commonly in the appendix and the ileum. Malig¬ 
nant potential is related to size and 95% of lesions measuring 
greater than 2 cm diameter have metastasised. 

The sonographic appearance is of a smooth, predominantly intra¬ 
luminal mass of low homogeneous echogenicity. 36 Doppler may 
show hypervascularity (Fig. 19.19). Local invasion may be seen as 
a thickening of the adjacent muscularis propria and serosal trans¬ 
gression with puckering and retraction. Metastatic involvement of 
local lymph nodes is often accompanied by an intense fibrotic reac¬ 
tion tethering adjacent bowel loops. 

Lymphoma 

Gastrointestinal lymphoma is an extranodal lymphoma, i.e. the 
bulk of the disease is in an extranodal site, and the associated lymph 
node involvement is restricted to the relevant locoregional nodes at 
presentation. Primary lymphoma of the intestines involves the 
ileum/ileocaecal region in two-thirds of cases. 37 

The typical US appearance is of a transmural, circumferential, 
hypoechoic bowel lesion with the lumen forming a bright echogenic 
centre (the classic Target' lesion, or in bulkier tumours the 'pseudo- 
kidney' lesion) (Figs 19.20,19.21). Instead of being compressed, the 
lumen may enlarge within the tumour to a diameter greater than 
normal small bowel (aneurysmal dilatation). Less common US find¬ 
ings include long segments of involved bowel mimicking inflam¬ 
matory bowel disease, and diffuse disease limited to the mucosa. 38 
Lymphomatous lymph nodes are typically large, round and 
hypoechoic without enhanced transmission. 

Mesenchymal tumours 

Gastrointestinal mesenchymal tumours are rare. Until the last 
decade these were classified as smooth muscle tumours (leiomyoma / 
leiomyosarcoma), but with the introduction of KIT immunohisto- 
chemistry, which identifies a specific protein marker (CD117) 


produced by the cells, the majority were reclassified as gastrointes¬ 
tinal stromal tumours (GISTs). 

The most common locations for GISTs are the stomach (50-60%) 
and the small intestine (30-40%). The majority of these tumours 
are benign but up to 20% may be malignant; tumour size >4 cm 
and histological findings are the main indicators of malignant 
potential. 39 

GISTs arise in the bowel wall but predominantly grow outwards, 
displacing adjacent structures, and may become large without 
causing obstruction; most patients present with non-specific symp¬ 
toms such as abdominal pain. However, the tumour may erode the 
bowel mucosa and present with gastrointestinal bleeding. 

Sonographically these tumours appear as echo-poor, homogene¬ 
ous masses but may show areas of central anechoic necrosis. 40 
Doppler ultrasound demonstrates the rich vascularity of these 
tumours (Fig. 19.22). The commonest sites for metastasis are the 
liver and peritoneal cavity. 41 

Secondary intestinal malignancies 

Metastatic involvement of the small bowel is common and usually 
occurs by seeding across the peritoneal cavity from abdominopelvic 
primary tumours with deposits onto the bowel serosa and perito¬ 
neum (Fig. 19.23), or by haematogenous seeding into the bowel 
wall, particularly associated with malignant melanoma but also 
with lung and breast cancers. 32 

Benign small bowel tumours 


Benign tumours may arise from any of the mesenchymal cell types 
in the bowel wall, but leiomyomas, adenomas, lipomas and hae¬ 
mangiomas account for approximately 90%. The leiomyomas and 
adenomas are more common in the proximal small bowel, lipomas 
are most frequently found in the ileum. 

These tumours are generally small and present as incidental find¬ 
ings, but may cause bowel obstruction due to intussusception (see 
below) or present with bleeding. Lipomas are sonographically hyper- 
reflective, well circumscribed and may deform on compression. 
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Figure 19.19 Ileal carcinoid tumour. A 60-year-old woman 
presented with intermittent abdominal pain. A: Transverse scan of 
an 18 mm diameter, non-compressible filling defect in the terminal 
ileum. B: Same lesion with blood supply shown on colour Doppler 
(white arrow). C: Spot barium image confirming a terminal ileal 
polyp (white arrow). D: Resected specimen showing the ileal 
carcinoid polyp (arrowhead), terminal ileum (white arrow) and 
appendix orifice (interrupted black arrow). 



Figure 19.20 Ileal lymphoma. Transverse scan of a short 
hypoechoic circumferential ileal lesion with bright gas echoes in the 
compressed lumen (pseudo-kidney appearance). 
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Figure 19.21 Ileal lymphoma. Middle-aged HIV-positive man. A: Transverse US scan showing a small bowel lesion with hypoechoic 
circumferential wall thickening. B: Barium study confirming the small circumferential lesion in the ileum (white arrow). Non-Hodgkin’s 
lymphoma was confirmed on US-guided percutaneous needle biopsy. 




Figure 19.22 Exophytic GIST tumour. A 62-year-old man presented with acute intestinal haemorrhage. RIF US scan shows a large, 
mixed echogenicity, dumbbell-shaped tumour (A) which demonstrates central anechoic necrotic cavities and hypervascularity on Doppler 
scan (B), and (C) a gas-filled ulcer (white arrow) on the surface of the tumour (arrowhead) in the bowel lumen. US-guided needle biopsy 
confirmed the diagnosis prior to therapy. 
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Figure 19.23 Serosal/peritoneal metastatic tumour deposits. A 57-year-old woman had intra-abdominal secondary tumours at 
the time of presentation with a primary caecal adenocarcinoma. US-guided needle biopsy allowed histological confirmation prior to 
chemotherapy, avoiding colonoscopy. A: Right iliac fossa US scan showed a 2 cm diameter echogenic peritoneal/serosal secondary. 
B: Concurrent CT scan image showing the metastatic deposit (thick white arrow) and the caecal primary tumour beneath (long white 
arrow). 


INTUSSUSCEPTION 


Intussusception is the telescoping of one segment of bowel into an 
adjacent one (Fig. 19.24). It is a common cause of an acute 
abdomen in children but accounts for less than 5% of mechanical 
small bowel obstruction in adults. In adults an underlying cause is 
present in 80% of cases; small bowel intussusception usually 
being due to benign causes such as lipoma, adenomatous polyp, hae¬ 
mangioma, adhesion, coeliac disease or villous adenoma of the 
appendix. 42 

At US an intussusception is identified as a complex mass with a 
variety of appearances from different perspectives due to the com¬ 
bination of the components: three bowel wall layers, indrawn 
mesentery and, if present, a lead point such as an intraluminal 
polyp. If oedema or low scan frequency prevent appreciation of the 
separate bowel wall components, the appearance is of a thick hyp- 
oechoic ring surrounding a hyperechoic centre. This has been 
described as the 'doughnut sign' axially, or the 'crescent in dough¬ 
nut sign' (Fig. 19.24) when the echogenic mesentery forms a cres¬ 
cent to one side of the intussuceptum. 43 Scanned obliquely, 
intussusception is yet another cause of the 'pseudo-kidney' sign, 
and scanned longitudinally the layers of bowel in bowel have been 
called the 'sandwich sign' (Fig. 19.24); the terms 'hayfork' or 
'trident' signs have also been used. 44 Confusingly the term 


Tumours and tumour-related US findings 

• Primary small bowel tumours are rare (most of these 
adenocarcinomas, carcinoids, lymphomas or GISTs). 

• GISTs and lymphomas may be very large without causing 
obstruction. 

• Involvement of bowel and peritoneum by secondaries is common. 

• Intramural tumours may be drawn within distal bowel segment, 
forming an intussusception. 

• Non-obstructing intussusceptions may be seen in coeliac 
disease. 


'sandwich sign' has also been used to describe layers of enlarged 
lymph nodes and mesentery in abdominal nodal lymphomas. 45 

Because underlying pathology is usually present in adults, intus¬ 
susception has been taken as an indication for surgery, but transient 
self-limiting intussusception does occur and may be predicted by 
the absence of a lead point, a length <3.5 cm, normal wall thickness, 
normal non-dilated proximal small bowel and normal vascularity 
on colour Doppler. 46 ' 47 


SMALL BOWEL OBSTRUCTION 


Small bowel obstruction is generally suspected from the clinical 
history and examination, and may be confirmed on plain radiogra¬ 
phy but with limited sensitivity and specificity. Further imaging is 
required to identify the definitive cause, the level of obstruction and 
to predict the necessity for and timing of surgical intervention. CT 
scanning is currently the investigation of choice to address these 
issues but US can confirm the diagnosis, identify the level and 
cause, and should be considered before CT in younger patients, thin 
patients and those for whom intravenous contrast media is con¬ 
traindicated (e.g. impaired renal function). 

The bowel proximal to the level of obstruction dilates and the 
abdomen becomes distended. Initially the dilated loops are filled 
with air and this and the distension, which prevents compression, 
militate against US, but as the air is progressively replaced by fluid 
US easily demonstrates the fluid-filled loops and the fold pattern 
distinguishes the jejunal and ileal loops, aiding assessment of the 
level of obstruction (Fig. 19.25). Sonographically small bowel 
obstruction may be confirmed if the bowel loops are dilated 
above 3 cm diameter, the dilated segment is longer than 10 cm and 
there is increased peristalsis (to and fro movement of lumen con¬ 
tents). In the absence of peristalsis, paralytic ileus should be 
considered. 48 

In patients with a previous history of laparotomy, adhesions are 
the most common cause of obstruction and this is the most likely 
cause when US finds no obstructing lesion. In older patients and 
those with no prior laparotomy, malignancy is the most likely diag¬ 
nosis, but the less common causes should be sought including exter¬ 
nal hernias and gallstone ileus (look for air in the biliary tree). 











US-guided needle biopsy of bowel lesions 




Figure 19.24 Intussusception. A: Graphic illustration of an intussusception showing the relationships of indrawn inner bowel segment 
(intussusceptum) and associated mesentery including vessels and nodes within the outer bowel sleeve (intussuscipiens). B: Doughnut sign. 
Transverse sonogram showing the thick ring of two outer bowel walls (short white arrow) and the bright centre of mesentery and nodes 
(long white arrow). C: Crescent in doughnut sign. Transverse sonogram and accompanying graphic showing the crescent of mesenteric fat 
and nodes around the collapsed indrawn bowel segment - the intussusceptum. D: Sandwich sign. Longitudinal sonogram showing the 
outer layers (white arrow), the intussuscipiens (interrupted arrow) and mesenteric lymph nodes (white arrowhead). 


COELIAC DISEASE 


Bowel dilatation with increased luminal fluid and increased peri¬ 
stalsis are features of coeliac disease, an intolerance to gluten pro¬ 
ducing characteristic damage to intestinal mucosa and resultant 
malabsorption. Coeliac disease affects 1 in 200 to 300 people and, if 
suspected, is easily diagnosed by serological testing. However, the 
diagnosis can be suspected on imaging features. In addition to 
finding dilated, fluid-filled bowel loops, US may demonstrate thick¬ 
ened bowel folds, reactive mesenteric lymphadenopathy, ascites, 
and non-obstructing small bowel intussusceptions. A highly spe¬ 
cific but insensitive sign is increased gallbladder volume. 49 


US-GUIDED NEEDLE BIOPSY OF 
BOWEL LESIONS 


The facility to identify bowel lesions beyond the reach of endo¬ 
scopic biopsy, to displace adjacent normal bowel loops, to fix the 
bowel lesion by compression and perform diagnostic fine-needle 
aspiration or cutting needle biopsies has been demonstrated to 
allow histological diagnosis and avoid unnecessary surgery with a 
low risk of complications; lesions on the serosal surface or perito¬ 
neum may similarly be biopsied (Fig. 19.26). 50,51 
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Figure 19.25 Small bowel obstruction. A subsequent sonogram 
of the patient with metastatic peritoneal tumours, as bowel 
obstruction developed (Fig. 19.23). demonstrating dilated, fluid-filled 
jejunal loops, characterised by the fold length and frequency. Cine 
loops capture the typical increased peristalsis with to and fro 
movement of liquid and more solid contents. 



Figure 19.26 US-guided needle biopsy. The linear echogenic 
cutting needle (white arrow) is shown within the circumferential 
hypoechoic small bowel lesion. 
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APPENDIX 


Anatomy 


The appendix vermiformis is a vestigial, tubular organ that arises 
from the inferior pole of the caecum. In adults, a normal vermiform 
appendix varies in length from 5 to 35 cm (average 8 cm). The 
appendix has its own mesentery that extends from the terminal 
ileum to the medial aspect of the caecum and appendix. This 


mesenteric fold contains the appendicular artery. The venous drain¬ 
age of the appendix is via the ileocolic and the right colic veins into 
the portal vein. 


Ultrasound technique 


Although ultrasonography is operator dependent, experienced per¬ 
sonnel can identify the appendix in the majority of patients. 1,2 The 
normal appendix is seen as a blind-ended tubular structure attached 
to the caecal pole. The position of the appendiceal body and tip is 
variable; however, its orifice is usually constant in position, situated 
2-2.5 cm inferior to the ileocaecal junction. The appendix is com¬ 
monly located in the retrocaecal or pelvic region (Fig. 20.1). 

The normal appendix is easily compressible and is less than 6 mm 
in external diameter. It has a layered appearance and may contain 
a small amount of fluid or air within its lumen (Fig. 20.2). The 
normal appendix usually does not demonstrate any colour flow or 
Doppler signal. 

Optimum assessment of the appendix requires a specific graded 
compression technique during ultrasonography. 1 In this technique 
gentle pressure is applied in the right iliac fossa by the ultrasound 
probe. Care must be taken not to perform intermittent or rapid 
compression of the abdomen as this may provoke pain due to 
rebound tenderness (secondary to peritoneal inflammation) and 
hence limit the ultrasonographic examination. Therefore pressure 
should be applied gently and then gradually increased. The objec¬ 
tive of graded compression is to displace bowel loops, overlying fat 
and other abdominal structures overlying the appendix and also to 
bring the psoas and iliacus muscles in close approximation with the 
anterior abdominal muscles. Displacement of overlying structures 
and approximation of the abdominal muscles allows interrogation 
of the anatomical structures in the right iliac fossa by high- 
frequency transducers. The patient should initially be examined in 
the supine position and scanning should be done at the region of 
maximum pain as indicated by the patient. Self-localisation of pain 
has a high degree of accuracy in locating the appendix and can also 
expedite the visualisation of the appendix. However, in cases with 
appendiceal perforation, localisation may not be possible, as the 
pain may be generalised or vague. 

If the appendix is not visualised in the supine position, scanning 
via the posterolateral approach is essential to assess the retrocaecal 
region (Fig. 20.3). Patients with retrocaecal appendicitis may not 
present with typical pain at McBurney's point and the pain may 
only be elicited on deep palpation. The appendix in such cases is 
not visualised in the supine position as the gas-filled caecum 
obscures the retrocaecal region. Scanning patients via the postero¬ 
lateral approach while the patient is in a left decubitus position can 
also help in the detection of pneumoperitoneum, as free air collects 
under the elevated portion of the abdominal wall. 

Posterior compression of the right flank should be performed in 
obese or muscular individuals with poor visualisation of the poste¬ 
rior caecal region. 3 Compression of the posterior right flank is 
performed using the operator's free hand while simultaneously 
compressing the anterior abdomen with the transducer. 








Appendix 


When the appendix has a deep orientation in the pelvis, patients 
can present with diarrhoea as the inflamed appendix irritates the 
rectum. In such cases graded compression with a forced upward 
sweeping motion of the transducer can be useful. The upward 
sweep of the transducer helps to move the caecum superiorly on to 
the psoas muscle and thereby increases the visibility of the entire 
distal appendix (Fig. 20.3). 

Transverse and longitudinal scans of the abdomen should also 
be performed in order to detect atypical locations of the appendix. 
In obese individuals, 3-5 MHz probes may be needed. Accurate 
localisation of the appendix is useful as an atypical location may 
alter the surgical approach. Once visualised, the appendix needs to 
be evaluated in its entirety as inflammation may only be located in 
a small segment such as the appendiceal tip. Visualisation of a 
normal-sized, compressible appendix has high negative predictive 
value for acute appendicitis. 4 



Figure 20.1 Schematic diagram showing locations of the 
vermiform appendix. 


Acute appendicitis 


Acute appendicitis is one of the commonest acute abdominal condi¬ 
tions presenting to the emergency department. The highest inci¬ 
dence of appendicitis is in teenagers and young adults and there is 
a familial tendency to develop appendicitis. The clinical diagnosis 
of appendicitis may be overlooked and misinterpreted, leading to 
delay in treatment or unnecessary surgery. Diagnosis of acute 
appendicitis in children can be particularly difficult as a significant 
proportion of patients present with atypical symptoms. Diagnosis 
of appendicitis may also be delayed in infants as they are unable 
to provide clinical information or localise pain. 

Acute appendicitis occurs when the lumen of the appendix is 
obstructed by a faecalith, mucous plug or fibrosis. Rarely the 
appendiceal orifice may be obstructed by tumours, infections or 
foreign bodies. Perforation of the appendiceal wall may occur if 
there is advanced inflammation and transmural necrosis. In older 
children and adults the perforation is sealed off by the adjacent 
omentum and therefore localised abscesses are formed. In younger 
children, due to the smaller size of the omentum, perforation may 
lead to widespread peritonitis. Conversely in obese patients, the 
abundant mesenteric and omentum fat may mask symptoms of 
appendicitis or perforation. 

In children appendicitis is invariably associated with vomiting 
and aversion to food. Elderly patients have the highest mortality 
rates as the usual signs and symptoms of appendicitis may be 
diminished or absent, which leads to a higher rate of perforation 
and resultant greater morbidity and mortality. Acute appendicitis 
is also the commonest non-gynaecological acute abdominal condi¬ 
tion complicating pregnancy. 

Ultrasound plays a valuable role in the diagnosis of acute appen¬ 
dicitis. 1,5-7 Using ultrasound the appendix can be directly visual¬ 
ised, thereby confirming or excluding appendiceal pathology. 
Furthermore, complications related to appendicitis and alternative 
diagnoses mimicking appendicitis may also be demonstrated using 
this modality. Ultrasonography has been shown to have similar 
accuracy for detection of acute appendicitis as compared to CT 
examinations. 8 

On ultrasonography the inflamed appendix is seen as a thick¬ 
ened, non-compressible, tubular structure at the site of tenderness 
(Fig. 20.4). A layered appearance corresponding to the mural 



Figure 20.2 Normal appendix. A: Transverse view of the normal appendix (arrow) showing a layered mural pattern. Asterisk = caecum. 
B: Longitudinal view of the normal appendix (arrow) showing a layered mural pattern. 
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Figure 20.3 Retrocaecal and pelvic appendix. A: Ultrasound 
image shows obscuration of right iliac fossa contents due to 
acoustic shadowing from the caecal contents (arrow). B: Scan 
performed in the decubitus position with posterior flank 
compression demonstrates thickened and inflamed retrocaecal 
appendix (arrow). C: Inflamed appendix (arrow) in the pelvic location 
behind the bladder visualised on graded compression and forced 
upward sweep of the transducer. 



Figure 20.4 Acute appendicitis. A: Inflamed appendix seen as a tubular, non-compressible structure (arrow). The layered mural structure 
is evident. B: Inflamed appendix containing an echogenic appendicolith (arrow) with posterior acoustic shadowing. Note inflamed, non- 
compressible fat overlying the appendix (arrowheads). 


structure can also be seen with high-frequency probes. Up to 30% 
of cases with appendicitis may have an intraluminal appendicolith. 5 
Appendicoliths are characteristically seen as highly reflective 
lesions within the appendiceal lumen with posterior acoustic shad¬ 
owing (Fig. 20.4). Appendicoliths should be distinguished from air 
or inspissated faecal matter, which can produce similar acoustic 
shadowing, although the shadowing seen due to air tends to be 


heterogeneous with specular artefacts. A non-compressible appen¬ 
dix with an external diameter of greater than 6 mm is the most 
accurate predictor of acute appendicitis. 6 The finding of a normal 
appendix measuring less than 6 mm has high negative predictive 
value (98%) for acute appendicitis. 6 

Inflamed mesentery and omentum surrounding the appendix 
appear non-compressible and of increased reflectivity. Most patients 
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Figure 20.5 Acute appendicitis. 

A: Inflamed appendix (callipers) with 
mesenteric lymphadenopathy (arrow). 

B: Doppler study demonstrates high colour 
signal in the appendix (arrow), lymph nodes 
(thick arrow) and inflamed mesentery 
(arrowhead). 



Figure 20.6 Appendiceal perforation. 

A: Irregular thickening of the appendix 
with loss of mural stratification (arrow) 
suggestive of a perforation. B: Pericaecal 
echogenicity (arrow) with free fluid. The 
appendix was not identified. Linear, poorly 
reflective liponecrotic tracts are seen. 
Perforated appendix was found at surgery. 


with acute appendicitis may also have enlarged mesenteric nodes 
(Fig. 20.5). Inflammation also leads to hyperaemia and hyperper¬ 
fusion of the appendix, which manifests as increased colour Doppler 
signal in the appendix, mesentery and reactive lymph nodes 
(Fig. 20.5). 

An irregular contour or disruption of the layered appearance of 
the appendix is suggestive of perforation or impending rupture 
(Fig. 20.6). Other findings that are associated with perforation 
include asymmetrical wall thickening, fluid collections, ileus and 
increased pericaecal echogenicity (Fig. 20.6). Two of these findings 
- loss of the submucosal layer and pericaecal fluid - have been 
reported to have a significant correlation with appendiceal 
performation. 9 

Once perforation occurs, there may be generalised peritonitis. 
However, in the majority of cases, the peritoneal spillage is con¬ 
tained in the right iliac fossa as the mesenteric fat and omentum 
seal the perforation. 

Patients with delayed presentation or with appendiceal perfora¬ 
tion may present with a right iliac fossa mass. Such a mass typically 
consists of the inflamed appendix with adherent omental and 
mesenteric fat, lymphadenopathy and inflammatory adhesions and 


is termed an appendiceal phlegmon. Usually these are treated con¬ 
servatively as surgery can be difficult in such cases. On ultrasonog¬ 
raphy an appendiceal phlegmon is seen as a non-compressible, 
poorly-defined mass. The mass is predominantly poorly reflective 
but may have bright areas due to contained inflamed fat. Poorly 
defined, linear, low reflective streaks may be seen that correspond 
to liponecrotic tracks and inflammatory adhesions (Fig. 20.7). 

If a circumscribed pus collection is present, the mass is termed 
an appendiceal abscess. Abscesses are seen as fluid collections 
with contained air pockets or fluid levels (Fig. 20.7). Most appendi¬ 
ceal abscesses resolve spontaneously; however, if pain and fever 
persists percutaneous drainage under CT or US guidance may 
be necessary. 


Pitfalls and differential diagnosis 

A false positive diagnosis of acute appendicitis may be made in 
patients with intra-abdominal inflammation. The appendix may be 
falsely thickened in patients with sigmoid diverticulitis, perforated 
peptic ulceration or inflammatory bowel disease. 10 Caecal tumours 
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Figure 20.7 Appendiceal phlegmon and abscess. A: Phlegmon is seen as a large poorly reflective mass with internal bright areas 
(arrow) inferior to the caecum (arrowheads). B: Appendiceal abscess with multiple fluid levels and air pockets (arrows). 


Ultrasound in acute appendicitis 

• Non-compressible, tender appendix with external diameter 
>6 mm. 

• Appendicoliths are present in up to a third of cases. 

• Lymphadenopathy is present in up to 50% of cases. 

• Free fluid, asymmetric appendiceal thickening, mesenteric 
inflammation and ileus are strongly suggestive of appendiceal 
perforation. 

• Retrocaecal and pelvic regions should be routinely assessed in 
the patients with suspected appendicitis. 


may obstruct the appendiceal orifice with resultant dilatation 
leading to an incorrect diagnosis of appendicitis or an appendiceal 
mass. A distended, non-tender appendix has been reported in 
amoebic colitis. 

The commonest cause of a false negative examination is the ina¬ 
bility to visualise the appendix on ultrasonography. Inability to 
locate the appendix may be due to an atypical location; lack of an 
adequate ultrasonographic window due to ileus; or generalised 
peritonitis that limits graded compression. Occasionally the normal 
proximal appendix is demonstrated whereas the inflamed tip is 
overlooked, leading to a false negative examination. Furthermore, 
inflammation and thickening of the terminal ileum secondary to 
appendicitis may be erroneously labelled as Crohn's disease or 
infectious ileocolitis. 

Many other clinical conditions may mimic appendicitis, and it is 
important to distinguish between these conditions. These include 
caecal diverticulitis, infectious ileitis, mesenteric lymphadenitis, 
ovarian cysts, tubo-ovarian abscesses, urological conditions, epip¬ 
loic appendagitis, infective ileitis, inflammatory bowel disease and 
Meckel's diverticulitis. 11,12 The normal appendix may have a diam¬ 
eter of greater than 6 mm in patients who have undergone radio¬ 
therapy or those with cystic fibrosis. 13 

Ultrasonography can be useful in distinguishing between these 
differential diagnoses. In patients with equivocal ultrasound find¬ 
ings and especially in obese patients, CT examinations can be 
useful. 

Appendiceal tumours 


Primary tumours of the appendix are rare and are found in only 
0.5-1.0% of appendicectomy specimens at pathological examina¬ 
tion. Most primary tumours affect individuals in the middle to 


older age group with the exception of carcinoid tumours. Many 
primary appendiceal tumours present with symptoms similar to 
acute appendicitis and most tumours - except for adenocarcinomas 
and carcinoids larger than 2 cm - are managed by appendicec¬ 
tomy. 14,15 All appendiceal tumours are associated with a high inci¬ 
dence of a synchronous and metachronous colonic tumours. 15 

Mucocele 

A primary appendiceal mucocele is relatively rare, with reported 
incidence of 0.2-03%, and is more common in females than males. 16 
Most mucoceles are asymptomatic and found incidentally at surgery. 
Mucoceles are usually benign and are formed due to obstruction of 
the appendiceal orifice secondary to fibrosis, faecaliths or scarring. 
The obstruction causes sterile accumulation of mucus within the 
appendiceal lumen leading to mucocele formation. 

Malignant mucoceles occur secondary to mucin-secreting adeno¬ 
carcinomas. If there is appendiceal perforation due to such a 
mucocele, there is peritoneal seeding of the malignant cells leading 
to pseudomyxoma peritonei. 

Mucoceles are usually incidental findings on ultrasonography 
and present as tubular, well-defined structures in the right lower 
abdomen (Fig. 20.8). A pear-shaped appearance has been described 
on ultrasonography. The contents may be of variable echogenicity; 
however, low or intermediate reflectivity is typical and there may 
be contained septations. Bright, reflective foci within the mass 
or its wall may also be seen corresponding to dystrophic calcif¬ 
ication. Curvilinear mural calcification is a highly suggestive 
feature on ultrasonography, although this is seen in only 50% of 
cases (Fig. 20.8). 

It may be difficult to differentiate between benign and malignant 
mucoceles. However, mucoceles resulting from benign obstruction 
rarely exceed 2 cm in size, and larger mucoceles should be consid¬ 
ered to be malignant. Malignant mucoceles may demonstrate irreg¬ 
ular thickening of the wall and infiltration of the surrounding 
mesentery. Rarely, mucoceles may become infected and present 
with symptoms and ultrasonographic features indistinguishable 
from acute appendicitis. Fluid levels and air pockets within a 
mucocele are indicative of a superadded infection. The differential 
diagnosis of a mucocele includes a tubo-ovarian abscess, hydros¬ 
alpinx, enteric duplication cysts and peri-appendiceal abscesses. 

Carcinoid tumour 

The commonest primary appendiceal neoplasm is a carcinoid 
tumour and they constitute up to 80% of primary appendiceal 
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Figure 20.8 Appendiceal mucoceles. A: Incidentally discovered cystic lesion of the appendix with low reflectivity, bright margins 
and debris (arrow). B: Dense, curvilinear calcification with shadowing (arrow) in the right iliac fossa consistent with a calcified mucocele. 
Asterisk = caecum. 



Figure 20.9 Appendiceal tumours. A: Longitudinal image of the right iliac fossa in a patient with suspected appendicitis shows a small 
appendiceal mass at the tip of the appendix (arrow). Note infiltration of the adjacent mesentery (arrowhead). Carcinoid tumour was found 
on surgery. B: 3D image of the right iliac fossa shows a large mass arising from the appendix (arrow). Adenocarcinoma was identified on 
histopathology. Asterisk = caecum. 


tumours. 16 Most appendiceal carcinoid tumours are only detecta¬ 
ble at microscopic level and are incidentally discovered during 
histological examination of an appendicectomy specimen. Most of 
these incidentally discovered tumours are less than 1 cm in size. 17 
Unlike carcinoids occurring at other gastrointestinal sites, appen¬ 
diceal carcinoids are seen in younger adults and typically follow 
an indolent course. Appendicectomy appears to be adequate 
treatment for such incidentally detected tumours, although for 
tumours larger than 2 cm a right hemicolectomy may need to be 
performed. 

Carcinoids may present with acute appendicitis. Larger tumours 
are seen as poorly reflective masses and may show infiltrative and 
desmoplastic reaction in the surrounding mesentery (Fig. 20.9). Cal¬ 


cification may be present within the mass and there may be hyper¬ 
vascularity on Doppler studies. 

Other tumours 

Primary adenocarcinomas of the appendix are very rare. Ultrasono¬ 
graphic features of these tumours are that of a diffuse or focal 
enlargement of the appendix with adjacent lymphadenopathy (Fig. 
20.9). Tumours may appear as solid, poorly reflective lesions or 
solid lesions with internal cystic changes. 

Lymphoma of the appendix may manifest as homogeneous thick¬ 
ening of the entire appendiceal wall. Aneurysmal dilatation of the 
appendix may be present. 18 
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Miscellaneous disorders 


Crohn’s disease 

Appendiceal Crohn's disease may mimic acute appendicitis or an 
appendiceal mass at presentation and it is important to distinguish 
between the two as the treatment for appendiceal Crohn's disease 
is medical rather than surgical. The pathological changes in the 
appendix are similar to those found in other affected segments of 
the bowel. The appendix may be involved in a significant percent¬ 
age (up to 20%) of patients with ileocaecal Crohn's disease. 19 The 
appendix may also be involved due to contiguous spread of inflam¬ 
mation from adjacent bowel segments (peri-appendicitis). Crohn's 
appendicitis is invariably associated with Crohn's disease of the 
ileocaecal region. 

Isolated granulomatous appendicitis is a rare condition discov¬ 
ered incidentally in patients presenting with acute appendicitis. 
Previously this condition was thought to be a variant of Crohn's 
disease limited to the appendix, although now it is thought to be a 
separate entity and is termed idiopathic granulomatous appendici¬ 
tis distinct from Crohn's disease. 

Occasionally it may be difficult to differentiate appendiceal 
Crohn's disease from acute appendicitis. However, certain features 
are helpful in making this distinction. Appendiceal Crohn's disease 
is almost always associated with disease in the terminal ileum. 19 
Other features of Crohn's disease that may be demonstrated are 
thickening of the submucosal layer of the terminal ileum and fibro- 
fatty proliferation of the mesentery around the inflamed terminal 
ileum. A normal appearing terminal ileum virtually excludes the 
diagnosis of appendiceal Crohn's disease. Caecal thickening may 
be seen in both diseases; however, isolated thickening of the caecum 
is more specific for acute appendicitis. 

Ultrasonographically the appendix appears thickened with pre¬ 
served stratification and may show increased blood flow of Doppler 
studies (Fig. 20.10). In advanced disease the stratification may be 
lost and sinuses or fistulae may be present. 



Figure 20.10 Appendiceal Crohn’s disease. Transverse image 
of the right iliac fossa in a patient with known Crohn’s disease 
shows diffuse thickening of the appendix (arrow) with preserved 
stratification and surrounding fibrofatty proliferation. A fistula is also 
seen as a linear track (arrowheads). 


Stump appendicitis 

Inflammation of the appendiceal stump is a rare complication after 
appendicectomy. The exact rate of incidence and its prevalence are 
not accurately defined. Failure to resect the appendix at its base is 
considered to be necessary for stump appendicitis to occur. Previ¬ 
ous history of appendicectomy may delay the correct diagnosis 
of stump appendicitis in a patient presenting with signs 
and symptoms of right lower quadrant pain and inflammation. 
Ultrasonography may demonstrate a thickened and oedematous 
appendiceal stump at the caecal tip and pericaecal inflammation 
(Fig. 20.11). 20 ' 21 


COLON 


Anatomy and scanning technique 


Unlike the small bowel, most of the colon is relatively fixed in posi¬ 
tion and therefore can be assessed using anatomical landmarks. The 
colon can be differentiated from the small bowel by the presence of 
haustrations, lack of peristalsis and by location. The ascending and 
descending colon can be evaluated by scanning both flanks as these 
structures are retroperitoneal and fixed in position. The caecum may 




Figure 20.11 Stump appendicitis. Patient with history of 
appendicectomy. A: Transverse image of the right iliac fossa shows 
a tubular structure with hyperaemia (arrow) at the caecal pole. 
Presumptive diagnosis of stump appendicitis was made. B: Axial 
CT image confirms inflamed appendiceal stump (arrow). 
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be identified in the right iliac fossa by tracing down the colon from 
the hepatic flexure. Gentle compression on the abdomen using the 
transducer helps to provide better views of the colon. The transverse 
and sigmoid colon may be variable in position as they are suspended 
by their respective mesenteries within the peritoneal cavity. The 
transverse colon can be scanned by following its contour in a trans¬ 
verse direction between the hepatic and splenic flexures. Similarly 
the sigmoid colon is traced between the distal descending colon and 
the rectum. In thin individuals and children, high-frequency linear 
transducers can be used that provide detailed colonic images. 

On transabdominal ultrasonography, the colon typically demon¬ 
strates a stratified mural pattern. Usually three layers can be identi¬ 
fied corresponding to the submucosa, mucularis propria and the 
mucosa. Haustrations can be identified as indentations in the 
contour of the bowel (Fig. 20.12). If there is sufficient intraluminal 
fluid in the colon or ascites, the entire mural structure may be visu¬ 
alised. However, more often than not, there is air within the lumen 
that obscures the colonic wall distal from the transducer. The 
normal thickness of the colonic wall is less than 3 mm. If a lesion 
associated with the colon is found, its true relation or attachment 
to the colon should be confirmed by observation during deep inspi¬ 
ration and expiration and abdominal compression. Lesions intrinsic 
to or attached to the colon will move with the bowel during respira¬ 
tion or compression. 



Figure 20.12 Normal colon. Longitudinal scan of the descending 
colon shows haustrations and a three-layer pattern (arrowheads). 



Some investigators have advocated using ultrasonography after 
instillation of a water or saline enema (hydrocolonic ultrasonography) 
for optimal assessment of the colon. 22-24 In this technique patients 
need to ingest a large amount of oral electrolyte solution prior to 
the examination followed by warm water or saline enema. Com¬ 
parison of hydrocolonic ultrasonography with optical colonoscopy 
has not been promising. 25 This has been mainly due to problems 
with adequate bowel preparation, artefacts from faecal matter and 
the inability to obtain diagnostic images of all segments of the colon 
in large or obese patients. Furthermore, in view of other more sensi¬ 
tive tests (e.g. CT colonography) being available for evaluation of 
the colon, the use of this technique has fallen out of favour. 


Congenital abnormalities 


Most anorectal and colonic congenital anomalies manifest in the 
paediatric population. In adult patients the congenital anomaly 
most commonly encountered is a colonic duplication cyst. Usually 
duplication cysts are asymptomatic, but occasionally they may per¬ 
forate and cause intussusception or bowel obstruction. Malignancy 
has also been reported in duplication cysts. 26 Most cases demon¬ 
strate a bright, reflective inner mucosal layer and a darker, poorly 
reflective outer muscular layer on ultrasonography. 27 These layers 



Figure 20.13 Congenital abnormality. Longitudinal scan of the 
ascending colon (arrowheads) in an asymptomatic patient shows a 
colonic duplication cyst as a tubular cystic structure with bright 
mucosal lining and internal debris (arrow). 



Figure 20.14 Diverticular disease. A: Longitudinal scan of the descending colon showing multiple diverticula as outpouching from the 
colonic wall. B: Transvaginal scan of the distal sigmoid colon shows diverticulum with highly reflective inspissated material causing acoustic 
shadowing (arrow). 


395 








CHAPTER 20 • Appendix, colon and rectum 



Figure 20.15 Diverticulitis. A: Transverse scan of the descending 
colon shows mural thickening (arrow) and an inflamed diverticulum 
(arrowhead). B: Inflamed diverticulum with a brightly echogenic 
faecalith (arrowhead) and a small pericolic abscess containing 
debris (arrow). Asterisk = sigmoid. C: Longitudinal scan of the left 
flank in right decubitus position shows free air under the peritoneum 
(arrowhead) indicative of perforation. Arrow = descending colon. 

D: Large pericolic abscess (arrow) communicating (arrowhead) with 
the sigmoid colon. E: Colovesical fistula (arrow) arising from the 
sigmoid (arrowhead) with free air located anteriorly in the bladder. 

are often non-uniform in thickness and the cyst may contain inter¬ 
nal septa and echogenic debris (Fig. 20.13). 

Diverticulitis 


Colonic diverticula are formed by herniation of the colonic mucosa 
through the muscular layer. These herniations occur at weak points 
in the colonic wall, such as between the longitudinal taenia coli or 
at the entry point of blood vessels. 28 The sigmoid colon is the area 
most commonly affected by diverticular disease. Sigmoid diver¬ 
ticula are commonly multiple. 

On ultrasonography, diverticula are seen as rounded outpouchings 
adjacent to the colonic wall. There may be associated circumferential 





or eccentric mural thickening secondary to hypertrophy of the mus¬ 
cular layer (Fig. 20.14). Inspissated faecal matter or air within the 
diverticulum may produce acoustic shadowing (Fig. 20.14). 

An inflamed diverticulum is usually seen as a poorly reflective 
structure adjacent to the colonic wall. There is tenderness on direct 
compression over the lesion and the inflamed diverticulum may be 
surrounded by echogenic, non-compressible fat. 29-33 The diverticu¬ 
lum often contains a faecalith or inspissated material which is seen 
as an highly reflective, bright lesion. The colonic segment involved 
may demonstrate circumferential or eccentric mural thickening and 
hyperaemia (Fig. 20.15). 

Diverticulitis may progress to a pericolic abscess or perforation. 
Abscesses manifest as anechoic collections adjacent to the colon and 
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may contain pockets of air or debris (Fig. 20.15). 5 Scanning in a 
decubitus position may help to establish localised perforation by 
allowing air to collect under the peritoneum (Fig. 20.15). Complica¬ 
tions secondary to diverticulitis such as a fistula can also be dem¬ 
onstrated on ultrasonography. Fistulae are seen as linear, low-echo 
tracks and a typical colo-vesical fistula may demonstrate air within 
the bladder. 

The accuracy rate of ultrasonography in detecting diverticulitis 
has been reported to be 80-95%. 33 Ultrasonography can be used to 
monitor resolution of diverticulitis or a diverticular abscess. Percu¬ 
taneous ultrasound-guided drainage of diverticular abscesses is an 
established procedure with excellent follow-up results. 

Right-sided diverticulitis 

Right-sided diverticulitis occurs more commonly in younger 
patients, women and persons of Asian ethnicity. Isolated right¬ 
sided diverticular disease is uncommon and may be due to a single 
congenital diverticulum. Congenital right-sided diverticula are true 
diverticula as they contain all the colonic wall layers. Inflammation 
of a right-sided diverticulum may mimic appendicitis and it is 
important to distinguish between these conditions as right-sided 
diverticulitis is treated conservatively and abscess formation is 
rare. 34 Ultrasonographic appearances of right-sided diverticulitis 
are similar to left-sided diverticulitis except for location along the 
caecum or ascending colon and a normal appendix (Fig. 20.16). 

Inflammatory colitis 


The two major forms of inflammatory colitis are Crohn's disease 
(also called Crohn's colitis) and ulcerative colitis. Ultrasonography 
can be used to assess the extent of colitis and has been shown to 
have good correlation with disease activity. Typical ultrasono¬ 
graphic features in the inflammatory colitides include mural thick¬ 
ening, loss of haustral pattern, reduced compressibility and lack of 
peristalsis. 35,36 

Crohn’s colitis 

Crohn's colitis has a transmural inflammatory progression similar 
to the disease seen in small bowel. As a result it causes marked 
colonic wall thickening. 37 In early or superficial ulcerating disease 



Figure 20.16 Right-sided diverticulitis. Transverse scan reveals 
an inflamed diverticulum (callipers) medial to the ascending colon 
(arrowhead). Note increased reflectivity in the inflamed fat around 
the diverticulum. The appendix was normal and a diagnosis of 
right-sided diverticulitis was made. 


the stratification or layering of the bowel wall is preserved, whereas 
this pattern is lost in advanced, transmural inflammation (Fig. 
20.17). Therefore in early disease, ultrasound shows colonic wall 
thickening with preserved stratification. More advanced inflamma¬ 
tion results in transmural ulcers, which can be detected using high- 
frequency probes and are seen as low-echo linear streaks in the 
bowel wall. Distended perforating vessels may be visualised along 
these deep ulcers. Transmural ulcers eventually penetrate the 
serosa and cause inflammation in the adjacent mesenteric tissue, 
leading to formation of small para-intestinal abscesses and sinus 
tracts (Fig. 20.17). These tiny abscesses start as small inflammatory 
masses that are seen as ill-defined, low-reflectivity areas adjacent to 
the inflamed bowel segment. Larger abscesses may contain fluid 
levels and brightly reflective signals due to contained air bubbles. 
Sinuses may track through the wall of an adjacent organ and form 
a fistula. Fistulae typically manifest as linear, poorly reflective 
tracks on ultrasonography. Larger sinus tracks and fistulae may 
contain high signal echoes due to contained air or purulent mate¬ 
rial. Hyperaemia within fistulae on Doppler studies has been shown 
to correlate with inflammatory activity. 38 

In the inflammatory phase of Crohn's colitis there is associated 
oedema and fibrofatty proliferation of the surrounding omental and 
mesenteric fat. This inflamed and oedematous fat around inflamed 
colon has increased reflectivity and non-compressible appearance. 
Other ultrasonographic hallmarks of Crohn's disease include 
involvement of the small bowel and skip lesions. Studies have 
shown high volume flow in the mesenteric arteries on Doppler 
sonography in patients with actively inflamed bowel segments. In 
the chronic phase of the disease there is marked fibrosis and fatty 
infiltration of the submucosal layer. These pathological changes 
lead to marked echogenic thickening of the submucosal layer. Stric¬ 
tures may form, which are most commonly seen as low-reflectivity, 
stenotic lesions with proximal obstruction. 

Ulcerative colitis 

Ulcerative colitis is mainly a mucosal or superficial ulcerating 
disease, and therefore the inflammation is limited to the mucosa 
and submucosa (Fig. 20.18). As a result the colonic thickening is less 
marked than that in Crohn's disease. The stratified appearance of 
the bowel is maintained and there is no evidence of fistulae or 
sinuses. The involvement of the colon is contiguous and there are 
no skip lesions. 

Occasionally it may be difficult to differentiate between ulcera¬ 
tive colitis and Crohn's colitis on ultrasonography; however, the 
presence of transmural changes, mesenteric abnormalities, skip 
lesions, small intestinal involvement and marked mural thickening 
should prompt the diagnosis of Crohn's disease (Table 20.1). On 
ultrasonography, a thickened colonic wall of greater than 7 mm 
with loss of stratification has been considered to be typical of 
Crohn's disease, whereas a thickness of 4-7 mm with preservation 
of the stratification is more typical in ulcerative colitis. 


Crohn’s colitis versus ulcerative colitis 

• Crohn’s colitis causes marked mural thickening and mural 
stratification may be lost. 

• Ulcerative colitis causes modest bowel thickening with preserved 
stratification. 

• Involvement of the terminal ileum may be present in Crohn’s 
colitis. 

• Fistulae, sinuses and abscesses are seen in Crohn’s colitis. 

• Crohn’s colitis may show discontinuous, skip lesions whereas 
inflammation in ulcerative colitis is contiguous. 
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Figure 20.17 Crohn’s colitis. A: Longitudinal image of the descending colon (arrow) shows marked mural thickening. There is loss of 
stratification in one segment (arrowhead) suggestive of transmural inflammation. B: Doppler study of the descending colon shows 
hyperaemia. Corkscrew, transmural vessels are seen indicative of Assuring ulcers (arrow). C: Transverse image shows contiguous, diffuse 
thickening of the caecum (arrowhead) and terminal ileum (arrow). D: Entero-colic fistula is seen as a linear, reduced reflectivity track 
between the ascending colon (arrowhead) and adjacent ileum. A small amount of air (arrow) is present in the fistula indicative of fistula 
patency. 
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Table 20.1 Differential diagnosis of common colitides 



Common 

location 

Mural 

thickening 

Doppler 

findings 

Stratification 

Pericolonic findings 

Crohn’s colitis 

Ileocaecal 

Marked (>7 mm) 

Hyperaemia in 
active phase 

Preserved or 
lost 

Fibrofatty proliferation, 
lymphadenopathy, 
sinuses, fistula, 
abscesses 

Ulcerative colitis 

Rectosigmoid 

Moderate 
(<7 mm) 

Hyperaemia in 
active phase 

Preserved 

Fibrofatty proliferation 

Ischaemic colitis 

Splenic flexure 

Moderate to 
marked 

Loss of Doppler 
signal 

Preserved or 
lost 

Ascites, pericolic 
stranding, pneumatosis 

Pseudomembranous 

colitis 

Rectosigmoid 

Marked with 
maintained 
haustral pattern 

Hyperaemia 

Preserved 

Ascites 

Tuberculous colitis 

Ileocaecal 

Moderate 

Hyperaemia 

Preserved or 
lost 

Ascites, cavitating 
lymph nodes, 
thickened omentum 
and mesentery 

Typhlitis 

Caecal 

Moderate to 
marked 

Normal to mildly 
hyperaemic 

Lost 

Ascites and pericolic 
stranding 

Yersinia enterocolitis 

Ileocaecal 

Minimal 

Normal to mildly 
hyperaemic 

Preserved 

Lymphadenopathy 



Figure 20.18 Ulcerative colitis. Diffuse, contiguous moderate 
thickening of the colon (arrow) with preserved stratification is seen. 


Infective colitis 


Tuberculous colitis 

Intestinal tuberculosis typically affects the ileocaecal region. Iso¬ 
lated tuberculous colitis is extremely rare and only affects less than 
3% of patients with documented intestinal tuberculosis. The most 
commonly observed pattern is concentric thickening of the ileum 
and caecum (Fig. 20.19). There may be associated ascites and 
mesenteric lymphadenopathy in the majority of patients. 39,40 
Although the lymphadenopathy may be discrete, matted and cavi- 
tating lymph nodes are more frequent. Cavitating nodes have an 
anechoic central area. The ascites may be clear or may contain septa- 
tions and debris. 41,42 Mesenteric and omental thickening is also 
present in tuberculous ileocolitis. Chronic tuberculous ileocolitis 
may lead to a cicatrisation and fibrosis of the bowel and patients 
may present with ileocolic strictures, mesenteric retraction and 



Figure 20.19 Tuberculous ileocolitis. Transverse ultrasound 
image of the right iliac fossa shows concentric thickening of the 
terminal ileum (arrow), necrotic, anechoic lymph nodes (asterisk), 
ascites (curved arrow). Note marked omental thickening 
(arrowhead). (Figure courtesy of Dr S. Rawat.) 
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Figure 20.20 Amoebic colitis. A: Longitudinal image shows diffuse thickening of the ascending colon (arrowhead) and mass-like 
thickening of the caecum (arrow) (image courtesy of Dr S.B. Vijayraghavan). B: Thickened, fluid-filled caecum, terminal ileum (arrowheads) 
and distended non-tender appendix (arrow). 



Figure 20.21 Pseudomembranous colitis. A: Longitudinal scan of the descending colon shows marked polypoid thickening of 
the colonic wall and narrowing of the lumen. B: Transvaginal scan shows diffusely thickened colon (arrow) with preserved stratification. 
Note deep ulcer (arrowhead) causing mucosal disruption and small linear pseudomembranes (thin arrow). 


bowel obstruction. An echogenic peritoneum has also been reported 
in tuberculous infections of the gastrointestinal tract. 

Amoebic colitis 

Amoebic intestinal infection is caused by the protozoal organism 
Entamoeba histolytica. The trophozoite invades the intestinal mucosa 
causing colitis and disseminates through the portal bloodstream 
to cause abscesses, typically in the liver. Patients with intestinal 
infection may present with diarrhoea, abscesses and systemic 
symptoms. Pathological findings include discrete colonic ulcers, 
segmental colonic involvement or diffuse colitis. The ascending 
colon is frequently involved and the terminal ileum is invariably 
spared. 

Ultrasonographically amoebic colitis manifests as diffuse, poorly 
reflective thickening of the colon (Fig. 20.20). Short segmental 
involvement may present as a mass lesion (termed 'amoeboma'), 
which is difficult to differentiate from a tumour. Amoebomas are 
typically seen in the caecum. The presence of a liver abscess with 
right colonic abnormality should alert the ultrasonologist to the 
presence of amoebic colitis. The normal terminal ileum helps to 
distinguish amoebic colitis from Crohn's colitis. A dilated, non¬ 
tender appendix has been reported in cases of amoebic colitis. 


Pseudomembranous colitis 

There has been a significant rise in the incidence of pseudomem¬ 
branous colitis, mainly due to the increased use of prophylactic and 
broad-spectrum antibiotics. Antibiotic treatment leads to alteration 
in the colonic bacterial flora leading to proliferation of Clostridium 
difficile. Toxins produced by Clostridium difficile lead to pseudomem¬ 
branous colitis that commonly presents with diarrhoea, abdominal 
pain, distension and systemic symptoms. Patients may occasionally 
present with an acute abdomen. 

The most common ultrasonographic feature of pseudomembra¬ 
nous colitis is diffuse thickening of the colonic wall (Fig. 20.21). 43 
The thickening varies with the severity of the disease but is gener¬ 
ally much more marked than in other colitides. Typically the haus- 
tral pattern is preserved although the haustral thickening may have 
a polypoid appearance with marked narrowing of the lumen. Strati¬ 
fication of bowel layers may be preserved in mild cases. Scanning 
with high-frequency transducers may reveal mucosal defects 
caused by ulcers (Fig. 20.21). Pseudomembranes, which are the 
hallmark of this disease, are seen as linear, bright structures and 
they are best visualised on a real-time examination. Ascites may be 
detected in the majority of patients. In severe cases there is almost 
complete effacement of the lumen due to the mural oedema. The 
rectosigmoid region is most commonly affected, with contiguous 
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Figure 20.22 Typhlitis in a neutropenic patient. Diffuse, poorly 
reflective, mass-like appearance of the caecum with loss of normal 
mural pattern. Pneumatosis is seen as bright, linear areas (arrows) 
within the bowel wall. 



Figure 20.23 Infectious enterocolitis. Submucosal and mucosal 
thickening of the terminal ileum and caecum (arrows) with preserved 
stratification in a patient with Yersinia enterocolitis. Note lack of 
mesenteric inflammation or fibrofatty proliferation. 


proximal involvement. Isolated involvement of the right colon is 
rare (<5%). 

Typhlitis 

Typhlitis or neutropenic enterocolitis is encountered in patients 
with immunosuppressive disorders (e.g. acquired immune defi¬ 
ciency syndrome or leukaemia), transplant recipients or after chem¬ 
otherapy The underlying pathological mechanism is considered to 
be secondary to mucosal damage of the bowel with subsequent 
bacterial or fungal invasion. The most commonly involved site is 
the caecum and ascending colon, although any bowel segment 
including the small intestine may be involved. The characteristic 
pathological findings of neutropenic enterocolitis are oedema, 
ulceration and inflammation of the bowel wall. Advanced cases 
may also have haemorrhagic necrosis of the bowel wall. 44 

The ultrasound features of neutropenic enterocolitis include 
diffuse bowel wall thickening and oedema of the right colon and 
distal ileum (Fig. 20.22). The affected segment may appear mass¬ 
like as there is loss of the typical layered and haustral pattern. Peri- 
caecal stranding, ascites and pneumatosis may also be present. 45 

The differential diagnosis in the appropriate clinical setting of 
known neutropenia includes infective colitis (e.g. pseudomembra¬ 
nous colitis) and graft-versus-host reaction. The combined involve¬ 
ment of small and large bowel favours neutropenic enterocolitis 
over pseudomembranous colitis. Isolated right-sided pseudomem¬ 
branous colitis is uncommon and patients typically have greater 
bowel wall thickening. Patients with graft-versus-host reaction 
have generalised involvement of the small and large bowel. Identi¬ 
fication of neutropenic enterocolitis is important in order to initiate 
appropriate medical treatment. 

Other infections 

Other less common organisms that cause colitis include Yersinia, 
Campylobacter and Salmonella infections. In all these infections the 
terminal ileum and/or the caecum are involved. Ultrasonographi- 
cally the bowel thickening is moderate and limited to mucosa and 
submucosa. 5 Usually there is no mesenteric fat involvement, fistula- 
tion or abscesses formation. Prominent haustrations of the right 
colon have been reported in these infections. Yersinia enterocolitis 
is usually associated with enlarged mesenteric lymph nodes and 
there is ileal and colonic thickening (Fig. 20.23). Campylobacter and 
Salmonella infections mainly cause colonic thickening and minimal 
small bowel involvement. Yersinia enterocolitis in particular can 


Infective colitides 

• Tuberculous colitis involves the ileocaecal region and there may 
be associated cavitating lymphadenopathy, ascites and omental 
thickening. 

• Amoebic colitis may present as a caecal mass (amoeboma). 

• Campylobactor and Salmonella cause modest thickening of the 
colonic mucosa. 

• Yersinia enterocolitis causes modest thickening of the colonic and 
ileal mucosa with associated lymphadenopathy. 

• Typhlitis commonly involves the caecum and ascending colon. 

• Pseudomembranous colitis caused marked mural thickening, 
prominent haustral folds and ascites. 


clinically mimic acute appendicitis and it is important to visualise 
the normal appendix, to exclude acute appendicitis. 

Ischaemia 


The majority of cases of ischaemic colitis are due to non-occlusive 
vascular disease. The most common cause is vascular hypoper¬ 
fusion due to arteriosclerosis, vasogenic shock and cardiac condi¬ 
tions. Ischaemia due to vascular occlusion by thrombus, emboli or 
other causes is less frequent. The most commonly affected site is 
the splenic flexure, followed by descending and sigmoid colon. 
Ischaemic colitis is the commonest vascular disorder of the gas¬ 
trointestinal tract in patients over 65 years of age. 

Ultrasonography has a high degree of sensitivity for detecting 
colonic abnormalities in ischaemic colitis. Ultrasonographic find¬ 
ings in ischaemic colitis include segmental or circumferential 
colonic wall thickening, pericolic changes, reduced or absent peri¬ 
stalsis and diminished blood flow on Doppler studies (Fig. 20.24). 
Typically the wall stratification is preserved and loss of stratifica¬ 
tion is indicative of advanced transmural ischaemia and a worse 
prognosis. 46 Absence of Doppler flow in the abnormal segment is 
also considered to be a sign of worse clinical outcome. High resis¬ 
tive index blood flow (>0.60) on Doppler studies has also been 
reported. Ascites may also be present in cases with established 
ischaemic changes and infarcted bowel segments demonstrate 
mural pneumatosis. 
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Figure 20.24 Ischaemic colitis. A: Longitudinal view shows thickened descending colon with absence of blood flow. The mural 
stratification is maintained. B: Transverse view shows diffuse, poorly reflective thickening (arrow), loss of the mural stratification and 
absence of blood flow. Focal area of pneumatosis is seen (arrow) with oedema of the paracolic fat and ascites (arrowhead). 


Tumours 


Although ultrasound is not the primary modality for diagnosis of 
colonic cancer, the widespread use of ultrasonography in abdomi¬ 
nal conditions may result in the incidental detection of these 
tumours. Tumours of the colon typically manifest as localised, 
poorly reflective masses related to the bowel. Thickening of the 
bowel can produce the 'pseudo-kidney' appearance (Fig. 20.25). 47 
Ultrasonographic features commonly associated with colonic 
cancer include localised, eccentric mural thickening, an irregular 
contour, abnormal or lack of peristalsis and loss of the layered 
appearance of the bowel wall. 48 Colonic tumours can also manifest 
as circumferential thickening of the bowel or as a polypoid mass, 
and the thickening is usually more marked than that seen in infec¬ 
tive or inflammatory colitides (Fig. 20.25). Mucinous adenocarcino¬ 
mas may contain calcifications that are seen as echogenic foci with 
shadowing on ultrasonography. Abrupt loss of mural stratification 
is also typical of colon cancer. Locally advanced tumours show 
infiltration of the adjacent fat planes, other abdominal viscera and 
liver metastases (Fig. 20.25). Serosal or omental metastases that 
involve the colon typically appear as poorly reflective infiltrative or 
mass lesions. 

Small polypoid lesions may not be reliably detected on transab¬ 
dominal ultrasonography; however, hydrocolonic ultrasonography 
has been reported to have a high degree of accuracy in the detection 
of such lesions. 24 Transabdominal scanning has been shown to have 
a high detection rate of right-sided and rectal cancers. 49 

Colonic lymphomas are rare and typically seen in immunocom¬ 
promised patients, or those who have undergone organ transplan¬ 
tation. The commonest type of large bowel lymphoma is the B-cell 
type and they manifest with marked bowel wall thickening. The 
mural thickening may be circumferential, eccentric or nodular. 
Aneurysmal dilatation of the lumen may be seen, which is thought 
to be secondary to autonomic neural plexus destruction by tumour 
infiltration (Fig. 20.26). 

The colon is the commonest site involved by gastrointestinal 
lipomas. Colonic lipomas are generally asymptomatic unless they 
cause bleeding or intussusception. They are typically seen as poly¬ 
poid intraluminal lesions with high reflectivity (Fig. 20.27). 

Miscellaneous conditions 
Endometriosis 

Endometriosis affects women of childbearing age and typically 
manifests with pain or infertility. Endometriosis is defined as the 


presence of endometrial tissue outside the uterine cavity and the 
myometrium. The most frequent locations are in the pouch of 
Douglas, with other sites having a lesser frequency. The rectovagi¬ 
nal septum may also be frequently involved. When there is bowel 
involvement, patients may complain of symptoms similar to irrita¬ 
ble bowel syndrome. Deeper invasion of the bowel wall may cause 
scarring and stricture formation that can lead to obstruction. 50 The 
reported incidence of intestinal involvement ranges from 3% to 34% 
and in up to 70% of cases the rectum or sigmoid is involved. 51 Other 
less common sites include the appendix, caecum and ileum. 

Transabdominal ultrasonography should be combined with 
endo-cavitary scanning (endorectal or transvaginal) for a compre¬ 
hensive assessment of colonic endometriosis. Endometriomas can 
present as nodular, plaque-like, cystic or complex lesions. Small 
nodules or plaque-like lesions are the most difficult to demonstrate 
ultrasonographically. These lesions are typically of reduced reflec¬ 
tivity on ultrasonography (Fig. 20.28) and may be only seen on 
transrectal examinations. Larger nodules are more easily demon¬ 
strated on transabdominal scanning and appear as low-reflectivity 
lesions and can cause puckering and kinking of the bowel wall. 
Attachment of these lesions to the colon is confirmed on dynamic 
scans during respiration. Larger nodules can demonstrate blood 
flow on Doppler studies. Accurate assessment of the depth of rectal 
wall involvement can be made on transrectal ultrasonography, 
which is useful in surgical planning. 

Intussusception 

Colonic intussusception is rare in adults and is most commonly 
associated with a malignant tumour. 52 The commonest reported 
type is an ileocolic intussusception. Lipomas are the most common 
benign cause of colonic intussusception. Ultrasonographically the 
findings are that of a bowel mass with concentric layers of hyper- 
and hypoechogenicity. On longitudinal views the alternating layers 
produce a trident or pitchfork appearance. 53 The intussusception 
may contain mesenteric fat and the bowel may appear thickened 
due to oedema (Fig. 20.29). Contained mesenteric vessels may show 
normal Doppler signal. The finding of an intussusception in an 
adult should raise the suspicion of an underlying tumour. 

Epiploic appendagitis 

Appendices epiploicae are fatty tags attached to the serosal surface 
of the colon. They usually measure 1-2 cm in thickness and 2-5 cm 
in length. Venous infarction or torsion of these appendages 
may result in localised inflammation, which is termed epiploic 














Colon 



Figure 20.25 Colonic tumours. A: Diffuse, eccentric thickening of the colon (arrow) producing the pseudo-kidney sign. B: Polypoid 
intraluminal mass with a dilated feeding vessel (arrow). C: Mucinous colonic tumour shows extensive calcification in the hepatic flexure 
tumour (arrowhead) and calcified liver metastases (arrow). D: Locally advanced colonic tumour shows extensive infiltration of the paracolic 
fat and peritoneum (arrow). Arrowhead = colon. E: Polypoid colonic mass with loss of stratification, marked mural thickening and extension 
into pericolonic fat (arrow). F: Recurrent tumour (arrow) seen as diffuse, low-reflectivity lesion involving the colon (curved arrow) and ileum 
(arrowhead). 
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Figure 20.26 Colonic lymphoma. Circumferential thickening of a long segment of the sigmoid colon (arrow) is seen with distended, 
air-filled lumen (aneurysmal dilatation). 




Figure 20.27 Lipoma. A: Transverse image of the transverse colon shows a bright, reflective mass (arrow) filling the colonic lumen. 
B: Axial CT image confirms the colonic lipoma as a fatty intraluminal lesion (arrow). 
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Figure 20.28 Endometriosis. A: Nodular, poorly reflective lesion (arrow) seen attached to the sigmoid colon (asterisks). B: Axial CT 
image shows enhancing lesion (arrow) attached to the sigmoid. 








Rectum and anal canal 



Figure 20.29 Intussusception. A: Ileocolic intussusception seen as a target lesion with an alternating high and low reflective pattern 
(arrow). B: Longitudinal view shows ileal segment and mesenteric fat (arrowhead) inside the colonic lumen (arrow). A trilaminar or trident 
appearance is evident. 



Figure 20.30 Epiploic appendagitis. A: Lenticular lesion with a dark rim (arrow) adjacent to the colon. B: Epiploic appendagitis seen as 
a lenticular echogenic lesion (arrow) arising from the colon. 


appendagitis. Patients may present with acute abdominal pain and 
epiploic appendagitis may mimic diverticulitis or appendicitis. It 
has been reported that 2.3-7.1% of patients with suspected diver¬ 
ticulitis actually have epiploic appendagitis. 54 It is important to 
diagnose this entity correctly as the treatment is conservative 
management. 

On ultrasonography the inflamed appendage is seen as a lenticu¬ 
lar, echogenic lesion at the site of maximum tenderness (Fig. 20.30). 55 
Real-time scanning during deep inspiration and expiration shows 
the attachment of the mass to the colon. There may be a well- 
defined low-reflectivity rim around the lesion that corresponds to 
the inflamed visceral peritoneum. Inflammation of the adjacent 
pericolic fat is often associated with epiploic appendagitis. Occa¬ 
sionally internal poorly reflective areas may be seen secondary to 
haemorrhagic foci within the mass. 


RECTUM AND ANAL CANAL 


The rectum can be visualised on transabdominal ultrasonography, 
particularly through a well-distended bladder. However, detailed 
assessment of the rectum and anal canal can only be performed via 
transrectal or endoanal ultrasonography using high-frequency 
transducers. 56 

Ultrasound technique 


High-frequency probes (>10 MHz), axial 360° view to assess sphinc¬ 
ters and good near field resolution are required for optimal assess¬ 
ment of the anal canal. These prerequisites can be met by a 
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mechanical rotating single-crystal transducer. More recently fixed 
crystals with 360° field of view have been developed for endoanal 
ultrasonography Biplane capabilities on a single transducer that 
allows axial and perpendicular views and Doppler capability have 
also been developed. 57,58 Alternative techniques such as transvagi- 
nal and transperineal scanning have also been advocated for evalu¬ 
ation of the anal sphincters. However, there are limitations to these 
approaches; firstly transvaginal scanning can only be used in 
women, and secondly, the anatomical configuration of the vagina 
and anal canal with the perineal body in between does not allow 
true axial imaging of the sphincters. Therefore only an oblique view 
of the anal canal can be obtained via the transvaginal approach, 
which is suboptimal for assessing the circular sphincter complex. 
Use of transvaginal and transperineal scanning should be reserved 
as an adjunct to standard endosonography and may be particularly 
useful in stenotic anal lesions or tumours where the standard endo¬ 
anal approach may not be possible. 

For an endosonographic examination, the probe is inserted into 
the rectum and withdrawn gently through the anal canal to obtain 
a view of the sphincter complex. Endoanal ultrasonography should 
be performed with the patient in the prone position as this provides 
a symmetrical view of the sphincter complex and also allows accu¬ 
rate views of the anterior aspect of the external sphincter. 59 Although 
scanning in the lateral decubitus position may be easier and more 
comfortable for the patient, it produces distortion of the sphincter 
complex. 

Degassed water can be instilled to provide a good ultrasono¬ 
graphic window for examination of the rectum. This method is 
useful in assessing the rectal tumours as it reduces overstaging by 
decreasing artefacts produced by faecal matter, rectal air or the 
tumour itself. 

The scan should be oriented as a clock-face in such a way that 3 
o'clock corresponds to the left side of the patient. Images are 
obtained at high, mid and low anal canal levels. Measurements of 
the sphincter thickness should be obtained at the 3 and 9 o'clock 
positions. The internal sphincter measures approximately 2 mm in 



the normal adult and it gradually thickens with advancing age. 
A thickness of greater than 3.5 mm is abnormal in any age. The 
length of the sphincters may be determined on volume or three- 
dimensional scans. Ascertaining the length of the sphincter is 
important in order to assess the level of disruption. 


Indications for endoanal sonography 

• Assessment of sphincter abnormalities. 

• Diagnostic work-up of faecal incontinence and evaluation of anal 
pain. 

• Assessment of anal sepsis. 

• Staging of anorectal tumours, particularly prior to local treatment. 


Normal anatomy 


Anal canal 

On endoanal ultrasonography four distinct layers in the anal canal 

can be determined (Fig. 20.31). 60 These are: 

1. The subepithelium, which is seen as a moderately echogenic 
layer that is adjacent to the probe surface. The subepithelium 
is of uniform echogenicity and may contain venous channels. 

2. The internal sphincter is seen as a clearly defined layer with 
low reflectivity. It is circular in shape and measures 2-3 mm 
in the normal adult. There is some asymmetry of the internal 
sphincter high in the anal canal. This asymmetry is more 
prominent in females where the anterior aspect is ill-defined 
as the sphincter merges with the perineal body. The internal 
sphincter terminates at the dentate line. 

3. The longitudinal muscle is seen as a moderately reflective 
layer in between the internal and external sphincters and is a 
continuation of the longitudinal muscles of the rectum. 



Figure 20.31 Normal anal anatomy. A: Image at high level shows the four layers. Arrow = internal sphincter; Arrowhead = external 
sphincter. Bright subepithelial layer is seen adjacent to the endoanal probe. Moderately reflective longitudinal muscle layer is between the 
external and internal sphincters. Amorphous appearing perineal body is seen anteriorly. B: Image at low level shows brightly reflective fibres 
of the subcutaneous external sphincter (arrowhead). The poorly reflective internal sphincter is seen ending at this level. 







Rectum and anal canal 


4. The external sphincter is composed of striated muscle and is 
of moderate and varied reflectivity. With ageing there is 
increased thickening of the internal sphincter and increased 
reflectivity. 

Endoanal images should be obtained at high, mid and low levels 
in the anal canal. The high level corresponds to the level of the 
puborectalis and deep external sphincter. In males the external 
sphincter is roughly symmetrical whereas in females the anterior 
portion of the external sphincter is deficient and replaced by the 
perineal body. The internal sphincter and longitudinal muscle is 
clearly visualised at this level. 

The mid level corresponds to the superficial part of the external 
sphincter. The internal sphincter terminates at the lower end of this 
level. At this level the sphincters are symmetrical and the pubococ¬ 
cygeal ligaments are seen posteriorly. 

The low level starts caudal to the termination of the internal 
sphincter. The longitudinal muscle may appear slightly wider at 
this level. The predominant structure at this level is the subcutane¬ 
ous part of the external sphincter. 

Rectum 

Typically the rectum demonstrates a five-layer pattern on transrec- 
tal ultrasonography. These layers are seen as alternating bands of 
increased and reduced reflectivity. The balloon-mucosa interface, 



submucosal and serosal layers appear bright; whereas the muscu- 
laris mucosae and muscularis propria are of reduced reflectivity. 

Anorectal tumours 


Endoanal and transrectal ultrasonography can be used to stage anal 
tumours based on depth of invasion. Typically anal cancers are 
poorly reflective and clearly demarcated from adjacent structures. 
Tumour confined to the subepithelium is classed as Tl; limited to 
sphincter muscles is classed as T2; extending through the external 
sphincter is classed as T3; involving adjacent pelvic structures is 
classed as T4. 

Transrectal ultrasonography has high accuracy in the staging of 
rectal cancer. 61 A meta-analysis has indicated that ultrasonography 
has significantly higher specificity for predicting muscularis propria 
and perirectal tumour extension compared to MRI or CT. 62 Perirec¬ 
tal invasions are seen as poorly reflective extensions traversing the 
rectal wall and extending into the adjacent serosa and mesorectum 
(Fig. 20.32). In routine practice, overstaging is more of a problem 
than understaging. This is because most tumours are surrounded 
by inflammatory and desmoplastic reaction around their margins. 63 
It is difficult to distinguish between desmoplastic and inflammatory 
reaction from tumour infiltration on ultrasonography, which leads 
to overstaging. Another disadvantage of endoanal ultrasonography 
is the inability to evaluate stenotic tumours. 



Figure 20.32 Anorectal tumours. A: Endoanal ultrasonography 
showing a well-defined polyp (arrow) in the rectum (image courtesy 
of Dr I. Ramachandran). B: Transrectal image shows a small rectal 
tumour. The tumour (arrow) is confined to the mucosa with intact 
submucosal layer (arrowhead). C: Advanced tumour with 
transmural spread and nodular infiltration of the perirectal fat (arrow) 
and mesorectal lymph nodes (curved arrow). 
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Endoanal ultrasonography can also be used in the follow-up of 
rectal cancers. Tumour recurrence typically manifests as an amor¬ 
phous, poorly reflective mass. Endoanal ultrasound can be used to 
perform targeted biopsies of the bowel or extramural lesions. 

Anal sepsis 


Endoanal ultrasonography is useful in the detection of anal sepsis 
and in particular the identification of internal opening of fistula-in- 
ano. 64 It must be borne in mind that the track leading up to the 
mucosal surface is rarely seen; rather the site is identified as a 
poorly reflective area in the intersphincteric space adjacent to the 
internal sphincter (Fig. 20.33). Trans-sphincteric fistulae are seen as 
tracts that extend across the external sphincter into the ischioanal 
fossa. An inherent disadvantage of using high-resolution probes in 
endoanal ultrasonography is the inability to resolve ischioanal and 
supralevator infections. Trans-sphincteric tracks and ischioanal or 
ischiorectal extensions are better seen on cross-sectional examina¬ 
tions such as MR imaging. Endoanal ultrasonography cannot reli¬ 
ably distinguish between infection and fibrosis as both appear as 
linear tracks of low reflectivity. Hydrogen peroxide injection and 
3D imaging can be used to demonstrate opening and anatomy of 
the track. 65 

Anal trauma 


Loss of continuity of any sphincter is abnormal. Marked thinning 
or breaks in the internal or external sphincters are a sign of trauma. 
These defects may be acquired as a result of injury sustained during 
labour or after anal stretch procedures. Obstetric tears are typically 
situated anteriorly and if the internal sphincter is involved, the 
defect is seen is the same segment. 66 Isolated tears of the internal 
sphincter are not seen in obstetric injuries (Fig. 20.34). Well-defined 
defects may be seen in the internal sphincters after lateral sphinc¬ 
terotomy procedures. 



External sphincter injuries most commonly relate to obstetric 
injuries. Episiotomies are typically seen as well-defined scars in the 
right lateral quadrant. Penetrating and traumatic anal sphincter 
injuries are seen as well-defined tracks and may be seen in any 
quadrant. 



Figure 20.33 Anal sepsis. Fistula-in-ano at 12 o’clock position 
seen as a poorly reflective area (arrow) associated with a posterior 
horse-shoe abscess in the intersphincteric plane. 



Figure 20.34 Anal trauma. A: Obstetric injury during labour. There is break of the internal and external sphincters at the 10 o’clock 
position (arrow). B: Multiple disruptions of the sphincters (arrowheads) after penetrating anal injury (image courtesy Dr I Ramachandran). 
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Anal sphincter abnormalities 

• Obstetric injuries are commonly situated anteriorly and involve 
internal and external sphincters. 

• Isolated internal sphincter injuries are not seen in obstetric 
injuries. 

• Traumatic injuries may occur in any quadrant. 

• Solitary rectal ulcer syndrome is the most common cause of 
internal sphincter thickening. 


Miscellaneous conditions 


Solitary rectal ulcer syndrome 

Solitary rectal ulcer syndrome is the commonest cause of internal 
sphincter thickening. 67 The thickening is most commonly in the 
range of 3.5-4.5 mm. There is also associated thickening of the 
subepithelium which is thought to be secondary to intra-anal 
intussusception. 68 

Other sphincter abnormalities 

Marked thickening of the internal sphincter over 5 mm suggests 
internal sphincter myopathy, a genetic disorder affecting women. 
Internal sphincter less than 2 mm in thickness suggests age-related 
degeneration. Manual dilatation or anal stretch procedures can 
cause multiple tears or fragmentation of the external sphincter (Fig. 
20.34). Fibrosis and granulation in the sphincters are seen as areas 
of heterogeneous signal. 
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NORMAL ANATOMY AND 
ANATOMICAL RELATIONS 


The kidneys lie in the retroperitoneal fat on either side of the ver¬ 
tebral column with the left kidney usually lying at a slightly higher 
level than the right. 1 They are a little flattened in transverse section 
and oval in the longitudinal plane resulting in an ellipsoidal shape. 
They are positioned with their long axes diverging interiorly so that 
the lower poles are more lateral and anterior than the upper poles. 
The longer axis of the transverse plane is also angled at about 45° 
so that the hilum of each kidney lies more anteriorly than the 
lateral border. 

The psoas muscles are related to the medial aspects of both 
kidneys. On the right side the right lobe of the liver covers the 
lateral aspect and much of the anterior surface of the kidney; the 
hepatic flexure of the colon and the duodenum are also related to 
the anterior surface. Medially the hilum of the right kidney lies 
adjacent to the inferior vena cava (IVC) with the right adrenal gland 
above its upper pole. On the left side the spleen lies adjacent to the 
lateral aspect of the upper pole and the left adrenal gland lies supe¬ 
riorly and anteromedially. Interiorly the splenic flexure of the colon 
lies anterolaterally and the tail of the pancreas extends over the 
middle portion of the anterior surface. Medially the hilum of the 
left kidney is related to the abdominal aorta (Fig. 21.1). 


The kidneys are surrounded by the perirenal fat, which is con¬ 
fined by the anterior and posterior renal fascia; these are sometimes 
referred to as Gerota's fascia and they separate the perirenal space 
from the anterior and posterior pararenal spaces. These fascial 
planes are not usually seen on ultrasound, but their presence may 
influence the development or appearances of retroperitoneal collec¬ 
tions of fluid and inflammatory changes (Fig. 21.2). 2 

On the right side a reflection of the parietal peritoneum passes 
up between the inferior surface of the liver and the anterior surface 
of the kidney; this is the posterior subhepatic space (hepatorenal 
fossa or Morison's pouch). On the left side the lesser sac lies in front 
of the kidney. Fluid may accumulate in these spaces when ascites 
is present. 


RENAL ANATOMY 


The length of the normal adult kidney is usually given as 10-12 cm 
but there is a wider range of 7-14 cm in patients with normal renal 
function. 3,4 Renal size is related to sex, age and build of the indi¬ 
vidual. 5 The length can even vary in the same individual between 
scans depending on the state of hydration at the time of examina¬ 
tion. 6 Pregnancy also causes an increase in overall renal size. 7 Ultra¬ 
sound measurements of renal length tend to be shorter than those 
obtained on intravenous urography as there is no magnification 
factor and no osmotic diuresis induced by intravenous contrast 
agents. 3 Conversely, on urography some foreshortening of the 
kidney occurs due to the slight tilt of the kidneys in an anteropos¬ 
terior plane and this can lead to an underestimation of true renal 
length. 8 Studies comparing ultrasound and CT have shown that 
they measure similar renal lengths. 9 

The kidney is surrounded by a fibrous capsule which demarcates 
it from the surrounding perirenal fat. The cortex forms the outer 
part of the renal parenchyma surrounding the medulla, which is 
made up of the renal pyramids arranged around the renal sinus. 
Projections of the cortex extend down to the renal sinus between 
the pyramids; these are called septa (or columns) of Bertin. 10 

The renal sinus contains the collecting system together with the 
major arteries and veins; these structures are surrounded by fat 
which fills the renal sinus. The tips of the pyramids project into the 
calyces of the collecting system, and the calyces join up to form 
the renal pelvis. The renal sinus opens on the medial aspect of the 
kidney; most of the renal pelvis is usually within the renal sinus 
but it can project outside the kidney to some extent, producing an 
extrarenal pelvis which may be confused with a parapelvic cyst or 
pathological fluid collection on ultrasound. 

In the extrarenal part of their courses the renal arteries lie behind 
the renal veins, but as they approach the hilum they divide into 
segmental branches which pass in front and behind the renal pelvis. 
Similarly, branches of the renal veins pass in front and behind the 
renal pelvis, although the main renal veins lie in front of the arteries 
outside the kidney. About 40% of people have a single main artery 
and vein on each side; accessory renal arteries are found in 40%, 
more commonly on the left side. 11 Within the hilum the segmental 








CHAPTER 21 • Kidneys: anatomy and technique 


Superior 



Figure 21.1 Anatomical relations of the kidneys. Diagrammatic 
representation indicating the major anatomical structures that are 
related to the kidneys. 


Anterior Right Right Left Left 



Figure 21.2 Fascial planes of the abdomen. The transversalis, 
lateroconal and perirenal fascia determine the localisation of fluid 
collections and infections in the renal areas. AC, ascending colon; 
Ao, aorta; DC, descending colon; D, duodenum; IVC, inferior vena 
cava; K, kidney; SMA, superior mesenteric artery; SMV, superior 
mesenteric vein; P, pancreas; V, vertebral body. 

branches of the renal artery divide into interlobar branches which 
penetrate the parenchyma. As they approach the bases of the 
pyramids they give off small branches which run around the 
corticomedullary junctions; these are called the arcuate arteries 
(Fig. 21.3). 10 

The developing kidney is formed from a number of lobes in the 
fetus, typically about 14. 12 These combine together and merge but 
traces of fetal lobes may persist on the surface of adult kidneys. The 
lobes can be grouped into anterior and posterior components. In 
the past these have been called renunculi 13 and the highly reflective 
line sometimes seen running obliquely through the kidney from 
anteriorly near the upper pole to posteriorly near the lower pole 



Figure 21.3 Divisions of the renal artery. The major branchings 
of the renal artery follow a predictable pattern. The major branches 
indicated here may be detectable on ultrasound, especially with 
colour flow imaging (reproduced from Allan, McDicken, Pozniak & 
Dubbins, Clinical Doppler Ultrasound 2nd edition, 2006, Churchill 
Livingstone). 



Figure 21.4 A junctional parenchymal defect or highly reflective 
line is seen on the anterior aspect of the cortex; this probably 
represents an extension of sinus/hilar fat near the medial aspect of 
the kidney rather than a septum between two ‘renunculi’. 


was considered to represent connective tissue at the junction of the 
two components: the parenchymal junctional defect. 14,15 This line is 
seen more frequently in children but may also be seen in adults (Fig. 
21.4). However, subsequent reassessment of this aspect of renal 
anatomy suggests that this line represents an extension into the 
parenchyma of hilar or sinus fat in patients with a deep renal sinus, 
rather than a true plane of fusion between embryological 
components. 16 




























































Techniques of examination 


TECHNIQUES OF EXAMINATION 


Positioning and access 


Despite their size it can sometimes be difficult to image normal 
kidneys adequately and various manoeuvres, together with various 
positions of the patient and the transducer, may be required for a 
satisfactory examination. 

The examination usually commences with the patient supine. The 
right kidney is assessed first as it is usually easier to examine than 
the left kidney. The liver is used as an acoustic window to the 
kidney and the transducer is placed in subcostal and/or intercostal 
positions (Fig. 21.5). Varying the degree of respiration by asking the 
patient to take deep breaths, or to distend his/her abdomen may 
be of value. If there are gas-filled loops of bowel in the hepatorenal 
fossa or interposed between the liver and abdominal wall, it may 
be helpful to raise the patient's right side and scan from a lateral or 
posterolateral approach. 

The left kidney is more difficult to visualise because gas in the 
small bowel and splenic flexure may interfere with an anterior or 
anterolateral approach. It is therefore better to start searching for 
the kidney from a posterolateral approach with the left side of the 


Points of technique 

Access to the right kidney: usually through the liver which acts as an 
acoustic window. 

Access to the left kidney: usually best from a lateral, or posterolateral 
approach. 

Doppler of renal vessels: initial location and targeting performed 
during quiet respiration, final assessment with suspended 
respiration. 

Renal artery origins: may be seen from a transhepatic scan in the 
coronal plane. 

Renal length measurement: ensure longest axial length is obtained 
by rotating transducer around its longitudinal axis. 



Figure 21.5 Access sites for the kidneys. Line diagram showing 
the usual access sites for the right and left kidneys and diagrams 
showing the normal renal shapes as seen from these approaches. 


patient raised by approximately 45°. If this is still unsuccessful then 
examination of the patient in the full right lateral decubitus position 
with a pillow under the right flank and the left arm extended over 
the head may allow access to the left kidney. The spleen can provide 
an acoustic window to the upper pole of the kidney and if there 
is splenomegaly, this window is extended to include more of 
the kidney. 

The posterior approach is rarely required in adults (except for 
renal biopsy localisation) as modern real-time equipment is usually 
able to provide adequate images from more anterior approaches. 
The thick paraspinal muscles distort both the transmitted and 
reflected sound waves, impairing the quality of the image, and the 
ribs may obscure parts of the upper poles, particularly on the left. 
In young children prone scanning remains a useful approach (see 
Chapter 71). 

Once a kidney has been located, it should be examined in a sys¬ 
tematic fashion. An overall impression of renal size and cortical 
thickness can be obtained quite rapidly and, with experience, a 
feeling for the normal range of appearances at various ages is 
developed. 

Renal size 


To measure the overall length the longest craniocaudal length is 
found by rotating the probe around its vertical axis. Care must be 
taken to measure the longest length as it is easy to obtain a false, 
low measurement due to the ellipsoidal shape of the kidney (Fig. 
21.6). If a measurement is to be recorded it is important that this is 
the longest length, especially if serial measurements are likely to be 
made. With careful technique serial measurements accurate to 
within 1 cm (approximately 10%) can be obtained in 95% of cases 
in children, 17 although larger limits of agreement up to 1.85 cm 
between pairs of sonographers have been reported in adults. 18 
Renal length can be measured easily and quickly in most patients 
and provides a reasonable estimate of overall renal size, but care 
should be taken in attributing significance to differences between 
measurements of less than 10-12 mm. A more accurate estimate of 
the size of the kidneys is sometimes necessary and in these cases 
an assessment of the renal volume can be made. This is best per¬ 
formed by measuring the area of the kidney in serial slices and 
subsequently calculating the volume. 19 However, this is very time- 
consuming and an alternative is to use a modified three-dimensional 
ellipsoidal formula where the length, anteroposterior and trans¬ 
verse diameters are multiplied by a constant, 20 whose value is still 
the subject of some debate but is around O.5. 7,20 In practice the errors 
in the ultrasound measurements are of the order of 5% and there is 
thus no logic in using a correction factor with more than two sig¬ 
nificant figures. A factor of 0.5 is therefore an entirely acceptable 
compromise. The precise value is probably not as important as 
consistency in measurement technique, so that changes in volume 
over a period of time can be measured. Normal values for renal 
length in adults are given in Table 21.1. 

Volume measurements are of particular value in the assessment 
of transplants, or post-nephrectomy patients to assess compen¬ 
satory hypertrophy; slight increases in volume have been 
reported in insulin-dependent diabetics, particularly those with 
albuminuria. 21,22 

Cortical and parenchymal thickness 


Cortical thickness can also be measured if desired but this is more 
variable, even in kidneys with normal function. It can vary depend¬ 
ing on the age and size of the patient and depends also on the angle 
of viewing, as the cortex tends to be thicker laterally than medially. 
This, and the slight flattening of the kidney in the anteroposterior 
plane, account for the different shapes when the two kidneys are 
viewed from the usual anterolateral and posterolateral directions 
for right and left respectively (Fig. 21.5). The cortical thickness is 
the distance between the capsule and the outer margin of the 
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Figure 21.6 Renal length measurement. A: Line diagram to show the renal length measurement and possible sources of error in 
obtaining maximum lengths by failing to get the best scanning plane. B and C: A normal kidney with true maximum length of 11 cm 
shown to have an apparent length of 8.6 cm due to inaccurate orientation. 


Table 21.1 Normal (median) renal length in adults (adapted 
from Emamian et al. 5 ) 

Women (cm) Men (cm) 

Left kidney 11.0 (9.9-12.1) 11.5 (10.4-12.6) 

Right kidney 10.7 (9.5-12.0) 11.2 (10.1-12.4) 


Figures in brackets are 10th and 90th centiles. 


medullary pyramid; it must be distinguished from parenchymal 
thickness, which is the distance between the capsule and the margin 
of the sinus echoes (Fig. 21.7). This latter measurement is easier to 
perform and corresponds better with the assessment used on urog¬ 
raphy examinations when a line is drawn through the outer margins 
of the calyces. It is important, if serial measurements are being 
taken, to specify whether a measurement refers to cortical or paren¬ 
chymal thickness as consistency is necessary for reliable compari¬ 
son. Due to the variations in overall size and cortical thickness in 
normal kidneys and the degree of overlap with diseased kidneys, 
it is difficult to define upper and lower limits for these measure¬ 
ments in normal patients. Both renal length and parenchymal thick¬ 
ness tend to be smaller in patients with impaired renal function, 
although significant overlap occurs between different diagnostic 
groups. 23 In practice, an overall impression of length, volume and 
cortical thickness often allows an experienced sonographer to assess 
general renal size in relation to the clinical condition of the patient. 



Figure 21.7 Measurement of cortical thickness. Scan showing 
the difference in values between measurement of cortical thickness 
from the capsule to the outer border of the pyramid (x), and 
parenchymal thickness from the capsule to the outer margin of the 
sinus echoes (+). 


Care must be taken to include the whole kidney in longitudinal 
section, otherwise peripheral abnormalities may be missed. This 
can be avoided by rocking the transducer so that the beam passes 
from one side to the other. When the longitudinal examination is 
completed the probe is turned through 90° and the kidney is exam¬ 
ined in the transverse plane, again ensuring that it is examined 
completely from top to bottom. 
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Figure 21.8 Renal arteries. A: The right renal artery (RRA, arrow) is seen passing behind the inferior vena cava (IVC). B: Decubitus/ 
Coronal view from the right flank showing the origins of the renal arteries. Ao, aorta; LRA, left renal artery. 


In addition to assessing the overall size and structure of the 
kidney, note should be made of the cortical reflectivity compared 
with the adjacent liver or spleen, the degree of corticomedullary 
differentiation, and the size and appearance of the medullary 
pyramids. 

Perirenal structures 


The movement of the kidney during respiration may be impeded 
by a variety of intra- and extrarenal abnormalities, thus providing 
useful diagnostic clues. In addition, in patients with small fibrotic 
kidneys, the movement of the kidney in the perirenal tissues may 
allow their identification and definition in difficult cases. 

The perirenal fat, pararenal areas and adrenal areas should all be 
assessed briefly. If renal abnormalities are present, other more 
remote sites such as the liver, para-aortic areas, IVC, line of the 
ureters, pelvis and the bladder may need to be examined. 

Renal vessels 


Assessment of the renal vessels by imaging and Doppler may be 
required. In slim patients the renal arteries can often be identified 
on colour Doppler from an anterior approach as they leave the 
aorta, the right renal artery being located as it passes behind the 
IVC (Fig. 21.8A); the left renal artery is more difficult to demon¬ 
strate 24 and accessory arteries are usually not visualised. 25 In some 
patients use of both decubitus positions with the upper arm raised 
may allow visualisation of the renal arteries (Fig. 21.8B). Using a 
flexible approach, the origins and proximal segments of one or both 
arteries can be detected in a significant number of patients, although 
this may take some time. The intrarenal arteries are easier to dem¬ 
onstrate within the renal sinus, or the interlobar segments. They are 
identified using colour Doppler with the patient breathing quietly, 
rather than holding their breath, as this induces dyspnoea and 
increases respiratory movement of the kidney when the patient 
breathes. Spectral Doppler waveforms can be recorded as necessary 
during short periods of suspended respiration; it is good practice 
to obtain spectral traces from the upper, middle and lower seg¬ 
ments of the kidney so that any significant differences due to acces¬ 
sory arteries are detected and resistive indices for each side can be 
averaged. 26 The use of echo-enhancing agents can improve 
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Figure 21.9 Transverse view showing the left renal vein 

passing between the superior mesenteric artery (SMA) and the 
aorta and the origins of the renal arteries. Ao, aorta; IVC, inferior 
vena cava; LRA, left renal artery; LRV, left renal vein; RRA, right 
venal vein. 


visualisation of both the main renal arteries and their intrarenal 
branches, together with a reduction in the time necessary to perform 
the examination. 27 

Similarly the renal veins can be visualised both from an anterior 
or anterolateral approach; the left renal vein may be seen as it passes 
behind the superior mesenteric artery and in front of the aorta (Fig. 
21.9). It often appears to be narrowed at this point with some 
peripheral dilatation but this is a normal appearance and not a sign 
of obstruction. 28 The right renal vein is shorter and is seen passing 
medially from the hilum of the kidney to the IVC. In fatter or more 
difficult patients it may be necessary to try to locate the vessel at or 
near the hilum of the kidney from a lateral approach and trace it 
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Figure 21.10 A and B: Two views of an ectopic left kidney (K) lying adjacent to the iliac vessels and bladder (B) in a patient with 
ascites (A). 


proximally as far as possible towards the IVC or aorta, but it may 
be impossible to demonstrate the entire length in many obese 
patients. 

Ectopic kidneys, technique 


If a normal kidney is not seen in the renal fossa, the possibility that 
the kidney is atrophic or hypoplastic must be considered. The con¬ 
tralateral kidney should be reassessed for evidence of compensa¬ 
tory hypertrophy. If it is unusually large, this implies that the 
other kidney is non-functional or absent, while a normal-sized 
contralateral kidney implies that there may well be another 
kidney present somewhere with a reasonable amount of function¬ 
ing tissue. 

The patient should then be carefully examined beginning with 
the renal fossa on the side of the missing kidney, passing down the 
flank and psoas muscle into the pelvis (Fig. 21.10). If this does not 
reveal the missing kidney, the pelvis should be searched carefully 
and also the opposite flank to detect crossed renal ectopia. The 
ectopic kidney may look like a kidney but it may also be somewhat 
indeterminate in nature. In these cases, colour Doppler may show 
a regular, renal pattern of vascularity. 

Nephroptosis 


Examination for ptosis of a kidney is not usually very rewarding on 
ultrasound as it is difficult to find stable landmarks to compare the 
renal position when the patient moves from horizontal to vertical, 
or supine to decubitus positions. Assessing the position of the 
kidney in relation to the twelfth rib in the prone and erect position 
may give some assessment of vertical movement. Alternatively, 
lumbar transverse processes can be identified in slim patients and 
used as fixed reference points. Examination in the lateral decubitus 
positions may reveal significant medial mobility of the kidney, 


particularly on the right (Fig. 21.11). The significance of moderate or 
even marked degrees of vertical movement is controversial; medial 
movement may be of greater clinical importance. Patients should 
therefore be examined in both decubitus positions as well as supine 
and upright if symptoms are attributed to nephroptosis. 29,30 


NORMAL APPEARANCES ON 
ULTRASOUND 


Renal parenchyma 


Cortex and medulla 

The normal kidneys can usually be identified without difficulty 
because of the difference in reflectivity between the parenchyma 
and surrounding fat. The outer margin of the cortex is well defined 
due to the renal capsule, but the inner margin of the parenchyma, 
adjacent to the echoes from the sinus fat, is less well defined (Fig. 
21.12). The renal cortical reflectivity can be assessed subjectively by 
comparison with that of the adjacent liver or spleen, assuming that 
these organs are normal. 31 

Normal cortex has a reflectivity less than that of the adjacent liver 
and spleen but the degree of difference is, to some extent, equip¬ 
ment dependent and this distinction may be less obvious with some 
makes of scanner, or with particular settings for pre- and post¬ 
processing (see Chapter l). 32 However, if the renal cortex is brighter 
than the normal liver, this strongly suggests the presence of paren¬ 
chymal disease. 

The medullary pyramids are less reflective than the cortex and 
can be identified with modern equipment as echo-poor oval struc¬ 
tures, evenly distributed around the inner margin of the cortical 









Normal appearances on ultrasound 
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Figure 21.11 Nephroptosis. A: The right kidney is seen in a normal position on a transverse scan. B: With the patient lying on the left 
side, the kidney is seen to have crossed the midline and now lies across the spine (Sp) with much of it lying to the left of the aorta (Ao). 
This was asymptomatic and an incidental finding. IVC, inferior vena cava. 
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Figure 21.12 Normal kidney. A: Normal kidney showing cortex and pyramids with bright central sinus echoes. B: Transverse view of a 
normal kidney at the level of the renal hilum. The renal vein can be seen passing out of the plane of image towards the IVC. 


parenchyma adjacent to the sinus echoes. 33,34 Small, highly reflective 
foci may be seen at the margins between the medullary pyramids 
and the adjacent cortex representing the interlobar and arcuate 
arteries (Fig. 21.13); their nature can be confirmed by Doppler. The 
margin between the pyramids and the adjacent cortex is usually 
well defined but in the presence of generalised parenchymal inflam¬ 
mation or oedema, this corticomedullary differentiation may be lost 
or, in some circumstances, enhanced. 31 This feature is more readily 
detected in transplants where visualisation is better because their 
superficial position allows high-frequency transducers, e.g. 
5-7.5 MHz, to be used (see Chapter 28). 


Assessment of parenchymal thickness around the margin of a 
kidney helps to detect and assess scarring secondary to childhood 
pyelonephritis, reflux or infarction. The parenchyma normally thins 
with age 5,35 but part of this impression of thinning is due to the 
development of sinus lipomatosis where the amount of fat in the 
renal sinus is increased. 29 This results in thinning of the parenchyma 
but there is a less marked decrease in renal length because the 
parenchymal atrophy is compensated, to some extent, by the 
increase in fat. 4 Normal values for parenchymal thickness have not 
been published but some authors suggest that a thickness less than 
1.5 cm is indicative of thinned parenchyma. 22 
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Fetal lobation 

The adult kidney is formed in the fetus from several lobes. 9 Loba- 
tions may often be seen in neonates but usually disappear as the 
kidney matures, although they may still be seen in some adults. 11 
Normally these coalesce to such an extent that differentiation is not 
possible on ultrasound. Occasionally one or more may remain 
apparent and produce a bulge in the renal outline which may be 
difficult to distinguish from a tumour or from focal hypertrophy 
adjacent to a cortical scar. In these cases of 'persistent fetal lobation', 
careful examination often shows that the cortical indentation over- 
lies the interval between pyramids rather than a pyramid itself, 
which is the case with cortical scarring. 34 



Figure 21.13 Intrarenal arterial branches. A normal kidney 
showing the cortex and medullary pyramids with the arcuate 
arteries (arrows) visible as small reflective foci in the junctional 
region between cortex and medulla. 



Splenic humps 

Splenic humps and other developmental cortical bulges are due to 
minor adaptations of the renal contour to adjacent organs. Their 
appearance may suggest a mass but careful examination usually 
confirms a uniform parenchymal thickness between the capsule 
and the renal sinus echoes and normal renal architecture (Fig. 
21.14). Colour Doppler will show a normal distribution of vessels 
in this region. 


Septa of Berlin 

As the fetal lobes coalesce, the cortex of the deeper parts of a lobe 
becomes included within the kidney. 9 These portions of cortex from 
adjacent lobes project down to the renal sinus as the septa of Bertin 
between the papillae and normally do not produce any distortion 
of parenchymal anatomy (Fig. 21.15). Occasionally they are unusu¬ 
ally prominent and distort the normal renal structure, simulating a 
tumour. 36 They can usually be differentiated from tumour on ultra¬ 
sound as the renal cortical outline is not usually distorted even by 
a large septum of Bertin, and the septa are usually of similar reflec¬ 
tivity to the remainder of the cortex. However, reports of slightly 
increased reflectivity in a few childhood cases have been made. 36 
The normal vascular pattern on colour Doppler also helps in dis¬ 
tinguishing these prominent septa from tumours. The renal sinus 
echoes may show a characteristic pincer-like splaying around the 
enlarged septum as the sinus fat extends along the margin of the 
cortical tissue around the calyces of the adjacent lobes. 37 


Normal renal mass-like lesions 

Prominent septum of Bertin: coalescence of cortex from adjacent 
fetal lobes. 

Splenic hump: indentation from the spleen on the lateral aspect of 
the left kidney. 

Fetal lobation: persistence of the outline of a fetal lobe. 

Renal sinus lipomatosis: increase in the amount and prominence of 
the fat in the renal sinus around the collecting system, usually 
related to age and obesity. 



Figure 21.14 Renal splenic hump. A: Longitudinal view of a left kidney with a splenic hump. B: The bright echoes in the hump 
represent sinus fat, confirmed on this transverse view. 




Normal appearances on ultrasound 


These normal cortical variants can often be distinguished on 
ultrasound, but if doubts persist echo-enhancing agents are of value 
in confirming normal parenchyma, as their use shows enhancement 
identical to normal parenchyma and a normal pattern of vessels. 
CT and MR scanning may also be helpful and if doubt persists, an 
isotope scan will show normal parenchymal uptake. 



Figure 21.15 Septum of Bertin (arrows) at the upper pole 
extending into the renal sinus echoes. 


The renal sinus, collecting system 
and vessels 


The renal sinus is normally seen as an area of high reflectivity (the 
'central echo complex') due to the fat that surrounds the blood 
vessels and collecting system. The outline of the renal sinus can 
vary from smooth to moderately irregular with small components 
extending around the papillae and septa of Bertin. In some patients 
- the elderly, patients on steroid treatment and the obese - the fat 
of the renal sinus can increase in amount, a change known as sinus 
lipomatosis. 4,38 This may be apparent on ultrasound but if any doubt 
persists, a CT scan can be of help in assessment. Conversely, the 
amount of fat in the renal sinus is reduced in cachectic patients and 
neonates and the renal sinus is then less well visualised. Tumour 
infiltration or oedema should be considered if the sinus echoes are 
indistinct or absent in patients who are not cachectic. 

The components of the collecting system and major branches of 
the arteries and veins may be distinguished within the renal sinus 
in some patients (Fig. 21.16). In patients who are dehydrated to any 
extent (including an overnight fast) the peripheral collecting system 
is not usually visible, but in those undergoing a diuresis, or in 
patients with a full bladder, the renal pelvis and its major tributaries 
can be distinguished as 'splitting' of the renal sinus echoes. 39 If this 
is suspected, or if there is a question of possible obstruction, a repeat 
scan when the diuresis is completed and the bladder has been 
emptied should demonstrate emptying of the upper collecting 
system (Fig. 21.17). 

Some prominence of the collecting system is often seen in preg¬ 
nancy. 40 Slight distension of the pelvis and its main branches is 
apparent as early as 12 weeks gestation and by 20 weeks this is 
detected in up to three-quarters of patients on the right side; slightly 
fewer show similar changes on the left. By 36 weeks gestation more 
obvious dilatation may be shown in about two-thirds of patients 
(Fig. 21.18). These changes usually disappear quickly after delivery 
(within 48 hours) although minor distension of the collecting system 
may persist. 40,41 The cause of this dilatation is a matter of some 
debate but mechanical factors from the enlarging uterus, hormonal 
factors, increased blood flow and parenchymal hypertrophy have 
all been implicated. 41 

The renal pelvis usually lies predominantly within the renal sinus 
but it may lie partly or completely outside the kidney. In this situ¬ 
ation the extrarenal component may act as a sump for urine, 



Figure 21.16 Intrarenal vessels. A: The normal renal sinus showing several small echo-free spaces which correspond to the main 
branches of the arteries and veins together with central components of the collecting system. B: Colour Doppler confirms the vascular 
nature of these spaces. These do not extend to the peripheral parts of the sinus, unlike dilated calyces which can be followed outwards. 
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Figure 21.17 Physiological hydronephrosis. A: Pre- and B: post-micturition images (on different machines) of the right kidney showing 
resolution of dilatation of the collecting system following emptying of the bladder. 



Figure 21.18 Physiological hydronephrosis of pregnancy. Fi 9 ure 21 - 19 Prominent extrarenal pelvis. Transverse view of a 

Moderate distension of the collecting system in a non-obstructed kidne y with a prominent extrarenal pelvis which might be mistaken 

kidney during the third trimester of pregnancy. f° r a parapelvic cyst or collection. 


showing as a collection of fluid close to the medial aspect of the 
kidney on ultrasound (Fig. 21.19). The distinction from obstruction, 
parapelvic cyst or other collections may be difficult but careful 
examination, particularly in the transverse plane, usually defines 
the true nature of the appearances, especially if calyces are seen 
connecting to the 'collection'. Duplex systems may also be identi¬ 
fied as the sinus echoes of the two moieties are separated by paren¬ 
chymal tissue. 

The renal vessels can often be visualised and examined with 
Doppler. In some patients the normal veins may be sufficiently 
prominent to simulate early obstruction, although their true nature 
is apparent on colour Doppler. The normal renal vascular bed has 
a low resistance so the arterial signals show high diastolic flow (Fig. 
21.20). This feature is seen in the main renal arteries, the interlobar 
arteries and the arcuate arteries. 42 The resistance index (RI) in the 
renal arteries is consequently relatively low with typical normal 
values of 0.58-0.64 being reported. 43 It should be noted that the RI 
shows greater variability in children: one study reported a range 
from 0.34 to 0.94 in a group of children aged 1-15 years, with no 
significant relationship between age, renal size or gender. 43 The RI 


also tends to be higher in older patients (over the age of 60 years). 44 
Care must therefore be taken when interpreting Doppler findings 
in these patients as a high RI may be due to physiological factors, 
rather than pathology. In the majority of the adult population, 
however, an RI of 0.7 is considered to be the upper limit of normal. 45 
The shape of the renal artery waveform is discussed in the section 
on renal artery stenosis in Chapter 23. 

The veins are fairly wide and the blood within them is normally 
echo-free except for the inconstant demonstration of moving echoes 
from red cell rouleaux. The left renal vein may show some dilata¬ 
tion distal to the point where it passes between the aorta and the 
superior mesenteric artery; this is a normal variant and does not 
represent significant obstruction. 28 

The kidneys normally move down with inspiration. The degree 
of travel is similar to that of adjacent liver on the right and of the 
spleen on the left. Real-time ultrasound allows for slight differences 
in the movement of the kidneys in relation to adjacent structures to 
be detected. Loss of respiratory movement may be due to diaphrag¬ 
matic paralysis but if this is not the case then it may be a sign of 
intra- or perirenal pathology producing some fixation of the kidney. 





Congenital variants of renal structure and position 



Figure 21.20 A: Doppler signal from the right renal artery, as it passes behind the IVC showing the normal high diastolic flow. B: The 
normal intrarenal waveform showing the characteristic early systolic peak (ESP) (arrow). 


CONGENITAL VARIANTS OF RENAL 
STRUCTURE AND POSITION 


Duplex collecting system and ureters 


Minor degrees of separation of the upper and lower parts of the 
collecting systems may not be apparent on ultrasound. More 
marked degrees show as two separate renal sinus complexes sepa¬ 
rated by tissue with the reflectivity and texture of normal cortex (a 
septum of Bertin; Fig. 21.21). The point of junction of the ureters 
from the two separate moieties may be identified if it is high (in the 
region of the renal pelvis) but separate ureters can be difficult to 
trace down towards the bladder unless they are dilated. The ureter 
from the lower moiety usually enters the bladder in the region of 
the trigone, whereas the upper moiety ureter may be normally 
located or situated ectopically into the inferior bladder, upper 
urethra, or any other derivative of the embryonic mesonephric 
duct. 12 Examination of the bladder may show a ureterocele, usually 
associated with the ureter from the upper moiety. 

Ectopic kidneys 


The kidneys may develop anywhere along the urogenital ridge of 
the fetus and so, if they are not in a normal position, they should 
be searched for along the psoas muscles and down into the pelvis 
(see Fig. 21.10). Ectopic kidneys are more common on the left side, 
some 80% of them being found at, or below, the level of the iliac 
crest on the ipsilateral side. 46 An ectopic kidney can be recognised 
by its overall similarity in shape, size and structure to normal 
kidneys, although like horseshoe kidneys (see below) ectopic 
kidneys are associated with malrotation and a predisposition to 
dilatation of the collecting system. 47 However, pelvic kidneys may 
develop with unusual shapes and degrees of rotation and also may 
show some dilatation of the collecting system. 48 These unusual fea¬ 
tures may make an ectopic kidney difficult to recognise as a kidney, 
especially if it is an unexpected finding and presents as a mass 
during an examination (Fig. 21.22A). The overall appearance may 
lead to confusion with a bowel tumour or lymph node mass, by the 



Figure 21.21 Duplex collecting system. Image of the left kidney 
showing a column or bar of cortex separating the renal sinus 
echoes into two parts in a patient with duplication of the collecting 
system and upper ureters. 


unwary; colour Doppler is of value as it usually shows the vascular 
architecture compatible with renal vessels (Fig. 21.22B). Conversely 
the colon may lie in the vacant renal fossa and this may give a false 
impression of a normally situated kidney. 49 

The ectopic kidney usually lies on the correct side of the abdomen 
or pelvis; much more rarely, approximately 1 in 1000 births, it lies 
on the opposite side under a normally positioned kidney (crossed 
renal ectopia). The crossed, ectopic kidney is almost always fused 
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Figure 21.22 Ectopic kidney. A: Ectopic kidney in the right iliac fossa. B: Colour Doppler shows regular renal arrangement of vessels. 



Figure 21.23 Crossed fused renal ectopia. A: A large (13.2 cm) reniform mass lies on the right psoas muscle. No kidney could be 
seen in the left abdomen. B: Another crossed fused ectopia in which the two components are easily distinguished. 


with the other kidney (crossed fused renal ectopia) to produce a 
long, kidney-shaped flank mass, usually with two sinus echo com¬ 
plexes (Fig. 21.23). 48 In crossed renal ectopia the ureter from the 
ectopic kidney crosses the midline to enter the bladder on the 
normal side. 12 

Pancake kidneys are fused ectopic kidneys, usually lying cen¬ 
trally in a low abdominal or pelvic position. The normal renal 
outlines are not clearly seen and distortions of the renal sinus may 
add to the difficulties in recognition, although the absence of normal 
kidneys in the renal fossae should alert the examiner to the possibil¬ 
ity (Fig. 21.24). 48 Again, colour Doppler is of value in demonstrating 
a renal pattern of vessels. If there is doubt over the nature of a pos¬ 
sible ectopic kidney a DMSA isotope scan will confirm the presence 
of renal tissue but CT or arteriography may be required in a few 
cases for full assessment. 


Horseshoe kidneys 


Horseshoe kidneys are a congenital variant, occurring in about 1 in 
400 of the population, where the kidneys are linked by tissue 
between their lower poles. 47,50 The size of this bridge or 'isthmus' 
varies from a thin connective tissue band to a full thickness of renal 
parenchyma (Fig. 21.25): usually there is some functioning paren¬ 
chyma across the midline. Visualisation of the isthmus depends on 
its size and the build of the patient; it lies in front of the aorta and 
I VC and it may be confused with a lymph node mass, pancreatic 
tumour, aortic aneurysm, retroperitoneal fibrosis or dilated bowel. 51 
Even if the isthmus cannot be identified, the presence of a horseshoe 
kidney may be suspected from the abnormal shape and orientation 
of the renal components. 52 The long axis of a kidney making up part 
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Figure 21.24 Pancake kidney. A: Part of a pancake kidney lying centrally in the pelvis above the bladder. A second component is seen 
lying anteriorly. B: CT scan confirms the ectopic kidney. 



Figure 21.25 Horseshoe kidney. A: Transverse scan showing a horseshoe kidney with the isthmus crossing in front of the aorta (Ao); 
the renal sinus echoes can be seen in the right and left renal components. B: Longitudinal scan showing the isthmus of the horseshoe 
kidney anterior to the aorta. 


of a horseshoe anomaly is more vertical than normal and is posi¬ 
tioned with the lower pole more medial than the upper pole. In 
addition, there is a degree of malrotation so that the collecting 
systems are directed more anteriorly than normal. 

Hypoplasia and atrophy 


The distinction between these two abnormalities can be difficult on 
ultrasound alone unless there are signs of pre-existing renal disease 
such as cortical scarring or a dilated collecting system. A relatively 
large renal artery or vein is an indication of atrophy since hypoplas¬ 
tic kidneys have small vessels that are difficult to visualise (Figs 
21.26 and 21.27). However, many cases of 'congenital hypoplasia' 


are thought to result from intra-uterine insults which have affected 
renal development and it may not be possible to make an accurate 
distinction between true congenital hypoplasia and acquired 
change. 53 Ultrasound provides information on the size of the con¬ 
tralateral kidney but estimates of relative function are best carried 
out with isotope renography. 

Congenital solitary kidney 


A congenital solitary kidney is more common than ectopia with an 
incidence of approximately 1 in 1300 neonates, 54 it is more common 
on the left side. 46 The unilateral absence of a kidney may be due 
to aplasia or agenesis, with aplasia being more common; the 
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Figure 21.26 Hypoplastic kidney. A small but otherwise 
normal-appearing kidney suggestive of hypoplasia. Renal length 
6.08 cm. 









■ 


Figure 21.27 Atrophic kidney. A small atrophic kidney measuring 
5.8 cm. There are no specific features to suggest the aetiology. 


Congenital variants 

Ectopic kidney: a kidney which is sited in an abnormal location. 

Crossed renal ectopia: an ectopic kidney which is sited on the 
contralateral side of the abdomen. 

Crossed, fused renal ectopia: the ectopic kidney is on the 

contralateral side of the abdomen and fused to the normotopic 
kidney on this side. 

Congenital solitary kidney: One of the kidneys fails to develop 
(agenesis), or starts to develop but subsequently fails and 
atrophies (aplasia). 

Horseshoe kidney: the two kidneys are linked by a bridge of tissue 
between their lower poles, this may be a simple fibrous band, or 
functioning renal tissue. 

Duplex kidney: the renal collecting system is divided into two 

moieties and the ureters from these may join between the kidney 
and the bladder, or have separate insertions into the bladder. 


development of the fetal kidney starts but then fails and the renal 
tissue subsequently atrophies . 55 Neonatal scanning shows the failed 
kidney, which subsequently shrinks and involutes. Agenesis is 
rarer; here, the renal tissue fails to develop and so there is no visible 
renal tissue . 54 In distinction from renal ectopia, the contralateral 
kidney shows compensatory hypertrophy. A loop of bowel, usually 
colon, may lie in the vacant renal fossa and this can be mistaken for 
a kidney . 49 The diagnosis may be suggested by ultrasound but it 
may require confirmation by isotope studies, CT or angiography in 
order to exclude an atrophic or ectopic kidney. 
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INTRODUCTION 


Pelvi-ureteric dilatation does not always equate to obstruction or 
indicate pathology This appearance can be physiological, second¬ 
ary to urinary tract reflux disease and is sometimes seen in a non- 
obstructed system when the bladder is too full. 1,2 In fact, occasionally 
severe functional obstructive uropathy can present without any 
evidence of or with minimal pelvi-ureteric dilatation. If there is no 
significant clinical suspicion for urinary tract system obstruction, 
this is likely to cause delayed diagnosis and management. 3 

When there is evidence of pelvi-ureteric dilatation on imaging, 
this finding suggests that there may be urinary tract obstruction 
distal to the dilatation in patients presenting with clinical symp¬ 
toms. Ultrasound has been routinely used to assess patients and is 
very sensitive in detecting pelvi-ureteric dilatation in patients with 
normal or abnormal renal function. 4-6 Other adjuvant methods 
during ultrasound scanning such as renal artery resistance index 
measurement and colour Doppler examination of the ureteric jets 
may be useful in providing more evidence for urinary tract obstruc¬ 
tion in difficult cases. 7 

Over the last few years, however, there has been increasing usage 
of unenhanced computed tomographic examination of the kidneys. 


ureter and bladder (CT KUB) as a first-line examination from acute 
admission or accident and emergency referral to assess patients 
with loin pain. 8-10 This is because obstructing stones within the 
ureter may or may not cause pelvi-ureteric dilatation in the early 
stage and CT KUB is definitely the most sensitive modality in 
assessing these patients. 9-11 Ultrasound may then be used as a 
second-line follow-up scan in patients with hydronephrosis caused 
by an obstructing ureteric stone if treated conservatively. 12 


CAUSES OF PELVI-URETERIC 
DILATATION 


Physiological 


Normal circumstances 

Mild pelvi-ureteric dilatation is a relatively common finding in our 
clinical practice. The commonest cause is as a result of an over-full 
bladder for the ultrasound examination. These usually resolve 
when the bladder is completely emptied. Another frequent presen¬ 
tation is an extrarenal pelvis; this is usually accompanied by a non- 
dilated intrarenal pelvicalyceal system. 

Pregnancy 

It is common in normal pregnancy, from around 6-10 weeks 
onwards, to present with non-obstructing mild pelvi-ureteric dila¬ 
tation. This is partly due to extrinsic compression from the gravid 
uterus on the ureters and partly from hormonal factors. This can 
involve both ureters, but is commoner and more marked on the 
right than the left, with increasing severity throughout the preg¬ 
nancy. 13 Following delivery, the appearances resolve rapidly but 
may persist for up to 3 months postpartum. The resistive index for 
the pregnant female is similar to that of her non-pregnant counter¬ 
part. Therefore in a pregnant female with pelvi-ureteric dilatation, 
a normal Rl would confirm the findings are dilated but 
non-ob structive. 14 

However, suspicion for obstruction or ureteric colic in pregnancy 
does present an imaging dilemma. This should be raised when the 
patient is symptomatic, and ultrasound following hydration is 
usually the first-line investigation to assess the pregnant woman. 
The ureter is usually dilated and can be followed to the region of 
the common iliac artery where it then tapers off. Findings on ultra¬ 
sound that should prompt further investigation are: a dilated ureter 
beyond the common iliac artery suggestive of pathological obstruc¬ 
tion, and internal echoes within the dilated pelvicalyceal system 
suggestive of infection caused by distal obstruction. In this situa¬ 
tion, complementary techniques using Doppler, particularly the 
intrarenal Rl difference, and evaluation of ureteric jets, should be 
used. Most pregnant women with suspected obstructive uropathy 
would benefit from MR urography in a centre with this 









Causes of pelvi-ureteric dilatation 


expertise. 15,16 In late pregnancy when the pregnant woman presents 
with physiological painful hydronephrosis, the ureter is dilated to 
the middle third, which usually tapers off and has a smooth outline 
on the MR urogram (Fig. 22.1). In contrast, those with pathological 
painful hydronephrosis in pregnancy, renal oedema and a dilated 
ureter can be traced to the source of obstruction on the T2-weighted 
sequences on MR urogram (Fig. 22.2A and B). The role of 



Figure 22.1 Coronal MR urography shows normal 
physiological dilatation of the right pelvicalyceal system with a 
dilated and smooth ureter that tapers off at the middle third. 
(Courtesy of Dr John Spencer.) 


intravenous urography is now obsolete in the assessment of preg¬ 
nant women with symptoms of acute renal colic. 17 

Pathological 


It is important to diagnose obstructive uropathy promptly in order 
to salvage the renal tissues and prevent irreversible renal failure as 
a result of late diagnosis. Ultrasound plays an important role in the 
early assessment of patients with suspected voiding difficulty and 
renal colic or loin pain when unenhanced CT is not available or 
contraindicated. 


Causes of obstructive uropathy 

1. Stones 

2. Tumour - renal cell carcinoma and transitional cell carcinoma 

3. Blood clot 

4. Papillary necrosis 

5. Infections - tuberculosis, fungal infection, infective stricture 

6. Congenital 

a. Idiopathic PUJ obstruction 

b. Posterior urethral valves 

c. Ureterocele 

7. Bladder outflow obstruction 

a. Prostate problems - prostatic hyperplasia and prostate 
cancer 

b. Urethral stricture 

8. Compression by intrapelvic mass 

a. Gynaecological causes: cervical carcinoma, endometriosis 

b. Lymph node enlargement 

c. Inflammatory disease 

9. Iatrogenic 

10. Trauma 



Figure 22.2 A: Coronal oblique thin slice MR urography shows an oedematous right kidney with high signal fluid around the kidney and a 
dilated ureter that can be traced past the gravid uterus to the right ureteric orifice. B: Axial thin slice T2-weighted MR urography of the 
bladder shows the swollen right ureteric orifice and a small passed stone in the bladder that is seen as a round signal void area in the 
dependent part (arrow). (A and B courtesy of Dr John Spencer). 
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Stones 

Stones are one of the commoner causes of obstructive uropathy. In 
the context of pelvi-ureteric dilatation, stones may lie anywhere 
along the urinary tract system causing proximal obstruction. 
Patients usually present with acute loin pain and have complete 
or partial obstructive uropathy on the symptomatic side. They 
may also present in association with urinary tract infections or 
haematuria. Occasionally, presentation may be with a staghorn 
calculus which occupies and obstructs the whole of the renal 
pelvicalyceal system. 

Renal stones 

On ultrasound, a renal stone is usually seen as a highly reflective 
focus with well-defined posterior acoustic shadowing (Fig. 22.3). 
This is because the stone tends to absorb all the transmitted incident 
sound waves with greater definition when the stone has a rougher 
surface or is smaller, but not smaller than the beam width of the 
sound waves, which will make it invisible. 18,19 Most of the stones 
(in 90% of cases) are detected by meticulous ultrasound scanning. 
These stones are usually located within the collecting system. 
However, these stones occasionally may be seen within the reflec- 


Types of renal calculi 

1. Calcium stones. Commonest and are associated with abnormal 
calcium metabolism. 

2. Struvite (triple phosphate) stones. Usually form staghorn calculus 
and are associated with urinary tract infections. 

3. Uric acid stones. Usually associated with gout. 

4. Cystine stones. Rarest and are associated with abnormal amino 
acid metabolism. 




Figure 22.3 Axial US shows a small stone around the midpolar 
region which displays intense distal acoustic shadowing (arrow). 


tive renal sinus, dilated pelvicalyceal collecting system or appar¬ 
ently within the parenchyma in the non-dilated calyx. 20 

To optimise stone detection, all operators must use the highest 
possible transducer frequency and ensure that the stone lies within 
the focal zone of the beam. 21 Gain reduction may also enhance the 
detection of the posterior acoustic shadowing. 

The composition of the stone does not usually influence the 
ability of ultrasound to detect it, and both radiolucent urate stones 
and calcified stones are equally easily visualised. 21,22 The larger 
stones are usually easier to identify but some very large stones, e.g. 
staghorn calculi or large matrix calculi, may not have associated 
acoustic shadowing due to their proteinaceous content and these 
tend to render them difficult to demonstrate on ultrasound (Fig. 
22.4A and B). 23,24 They can often be less obvious on ultrasound 
than on the plain radiograph, because dense shadows within the 
pelvicalyceal system may obscure any collecting system dilatation 
and may also be misinterpreted as bowel gas shadowing. Fre¬ 
quently as a result of the lobulated shape of the stone within the 
collecting system, this can be mistaken for numerous separate 
calculi within the collecting system instead (Fig. 22.5A and B). In 
fact coronal scanning is more helpful than sagittal scanning when 
checking for the presence of staghorn calculi. It is important to be 
aware that when there is a suspicion of staghorn calculi, the plain 
radiograph for confirmation or unenhanced CT for treatment plan¬ 
ning is better than ultrasound at assessing the stone bulk in these 
patients. 

In general most (90%) of stones greater than 5 mm are seen on 
ultrasound and very few stones less than 5 mm are seen despite the 
fact they lie within the focal zone of the transducer. 25 Occasionally, 
the tiny stones may produce 'comet-tail' artefacts. 26 In addition, 
ultrasound tends to overestimate stone size, 27 and in the clinical 
scenario where information regarding the exact stone size is 
required, unenhanced CT should be considered. 

The location of the stone may influence its visibility; for example, 
stones within the renal sinus can be difficult to detect due to the 
heterogeneous tissue surrounding the stone which tends to defocus 
the ultrasound beam. 25 This is compounded by the fact that the 
normal renal sinus structure can also produce posterior acoustic 
shadowing. 28 Although in general stones are more easily seen in the 
dilated pelvicalyceal system, these may not be seen if they are 
impacted within the pelvi-ureteric junction. 29 Occasionally, when 
the kidney has abnormal increased reflective parenchyma such as 
in chronic renal failure (Fig. 22.6) this makes the stone harder to 
demonstrate. 

Ultrasound is usually very good for stone detection but some¬ 
times it may not be able to distinguish the exact location or part of 
the collecting system in which the stone resides. In particular, it 
cannot normally differentiate parenchymal or papillary calcifica¬ 
tion from a calyceal stone, or vascular calcification from a small 
stone. 28,30 In fact there are a variety of causes of masses in the pel¬ 
vicalyceal system that may mimic calculi. 31 Whenever there is doubt 
as to the nature of calcification on ultrasound, either a plain radio¬ 
graph or CT (with or without contrast) could be used to assess 
further. 

Ureteral stones 

Ultrasound can be used to detect stones in the upper ureter, the 
distal ureter or around the vesico-ureteric junction portion of the 
ureter behind a filled bladder 29 (Fig. 22.7A and B). Many other 
approaches have been advocated to visualise the distal ureteral 
stone using the transvaginal, rectal or perineal route. 32-34 Obstruct¬ 
ing calculi causing dilatation in the mid-ureter may also be seen 
adjacent to the common iliac vessels but these are often not visu¬ 
alised. The most difficult scenario is when the stone is not causing 
any ureteric dilatation and ultrasound is unhelpful in delineating 
the cause or the level of obstruction (Fig. 22.8A and B). However, 
currently this group of patients presenting acutely with loin 
pain are investigated primarily with unenhanced CT KUB 8-10 
(Fig. 22.9). 



Causes of pelvi-ureteric dilatation 



Figure 22.4 Staghorn calculus. A: Longitudinal US shows that there is echogenic material in the pelvicalyceal system but this does not 
cast posterior acoustic shadowing; this should raise suspicion of a staghorn calculus. B: Unenhanced CT (CT KUB) in the coronal plane 
shows the staghorn calculi in the right kidney. 



Figure 22.5 Staghorn calculus. A: Longitudinal US here can be misleading as the appearances suggest two fragments of stones within 
the calyces; ultrasound underestimates the extent of the staghorn calculi in the left kidney, which is better seen on the unenhanced axial 
CT KUB (B). 


Tumour 

Ultrasound remains the first-line investigation in patients 
presenting with both microscopic and macroscopic haematuria, 
especially in the younger patient. 17 It is very sensitive at detecting 
larger renal masses (>2.5 cm) and renal cysts. CT urography 
is used increasingly to problem-solve cases of haematuria of 


unknown cause or in the assessment of a patient's upper tracts 
when there is known bladder transitional cell carcinoma. 
Depending on the CT urographic technique, it can usually be used 
to detect stones (on the unenhanced phase), as well as both 
renal cell carcinoma and transitional cell carcinoma during the com¬ 
bined nephrographic and excretory phase in the two-series 
technique. 
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Figure 22.6 Longitudinal US shows a small right shrunken 
kidney with very echogenic parenchyma in end-stage renal 
disease. 


Masses in the pelvicalyceal system visible with ultrasound 2 

• Soft tissue pattern 

• Tumour: transitional cell carcinoma, invasive renal cell 
carcinoma 

• Blood clot 

• Fungus ball 

• Papilla: normal or sloughed papilla 

• Pyonephrosis 

• Leukoplakia 

• Malacoplakia 

• Stone pattern 

• Stone - radio-opaque or radiolucent 

• Gas 

• Foreign material: catheter, stent 

• Transitional cell carcinoma with calcification 

• Post-ESWL (extracorporeal shock-wave lithotripsy) fragments 

• Calcified necrotic papillae 

• Vascular calcification - pericalyceal 

• Papillary or parenchymal calcification 




Figure 22.7 Longitudinal US shows a dilated right pelvicalyceal system (A) and hydroureter that can be traced to the vesico- 
ureteric junction (B). The obstruction is caused by an echogenic obstructing stone seen on the axial bladder US examination (C). 








Causes of pelvi-ureteric dilatation 



Figure 22.8 Unenhanced axial CT KUB shows (A) no hydronephrosis or secondary signs of obstructive uropathy in a patient presenting 
with acute right renal colic. A small stone is seen at the vesico-ureteric junction causing the obstruction (B). 



Figure 22.9 Coronal oblique unenhanced CT KUB shows a tiny 
3 mm stone impacted in the left upper ureter causing minimal 
pelvicalyceal dilatation but demonstrates the secondary signs of 
obstruction on CT such as perinephric fluid stranding. 


Typically, the pelvi-ureteric dilatation is caused by an obstructing 
urothelial tumour and transitional cell carcinoma is the commonest 
cause. Renal cell carcinoma is a tumour sited within the renal paren¬ 
chyma. It only causes pelvicalyceal dilatation when it is large 
enough to cause localised obstruction or when it infiltrates the 
collecting system by local invasion. 


Transitional cell carcinoma (TCC) 

Transitional cell carcinoma is the commonest uroepithelial tumour. 
The less common causes of uroepithelial tumours are: squamous 
cell carcinoma (10%) and adenocarcinoma (<1%). 35 

Usually transitional cell carcinoma presents early as mucosal 
irregularity within the pelvicalyceal system and this is more easily 



Figure 22.10 Coronal CT urography shows a markedly dilated 
left pelvicalyceal system and ureter that can be traced to the 
enhancing transitional cell carcinoma in the distal ureter (arrow). 


detected on the urographic examination than by ultrasound. CT 
urography is the most sensitive investigation for this purpose and 
should be used in preference to intravenous urography 17,36-39 
(Fig. 22.10). 

Ultrasound usually demonstrates the larger transitional cell car¬ 
cinoma as masses within the renal sinus. They can be either isoe- 
choic or hypoechoic masses within the renal parenchyma and are 
separated from the renal parenchyma by a band of echogenic renal 
sinus 40,41 (Fig. 22.11). Very rarely, it can mimic a renal stone due to 
encrustation of keratin or urinary salts on the surface of the 
tumour. 42 TCC is usually fairly poorly vascularised and therefore 
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Figure 22.11 Longitudinal US shows soft tissue filling the mid 
and lower pole calyces consistent with transitional cell carcinoma. 
This is causing obstructive dilatation of the upper pole calyces. 


Figure 22.12 Longitudinal US shows absent vascular flow 

within the transitional cell carcinoma filling the mid and lower pole 
calyces. 


does not display a Doppler signal (Fig. 22.12). Sometimes TCC 
obstructs the pelvicalyceal system and can be visualised as an intra¬ 
luminal mass within a dilated collecting system or within the 
bladder (Fig. 22.13A-C). In the advanced stages, TCC may invade 
the renal parenchyma and this is indistinguishable from renal cell 
carcinoma. In the late stage it can also invade the renal vein and 
inferior vena cava, very similar to renal cell carcinoma. 43 

It is important to be aware that there are many other causes of 
masses within the collecting system. Blood clot can typically be 
confused with TCC but normally resolves with time. Fungus balls 
can mimic TCC but this is usually seen as a very echogenic mass. 44,45 
Other causes include prominent renal papillae that have projected 
into a dilated pelvicalyceal system 46 or a sloughed papilla can be 
seen as a mobile intra-luminal mass; lymphoma and extramedul¬ 
lary haemopoiesis that infiltrate the renal sinus may also simulate 
TCC on ultrasound. 47 


Renal cell carcinoma 

Renal cell carcinoma can sometimes cause localised collecting 
system obstruction secondary to a mass effect, usually from a lower 
pole renal tumour causing pelvi-ureteric junction (PUJ) obstruction 
or from direct invasion into the collecting system in an advanced 
stage, making it difficult to differentiate from a transitional cell 
carcinoma. 

Ultrasound usually detects the renal cell carcinoma when large 
and typically it is a heterogeneous mass with central necrosis and/ 
or calcification. It is highly vascular and displays disorganised and 
increased Doppler signals within the mass, and occasionally high- 
velocity arteriovenous shunts can be detected within the tumour. 
In addition, it usually invades the renal vein and inferior vena cava. 
Contrast-enhanced CT is used for staging purposes. 

Blood clot 

Blood clot within the dilated pelvicalyceal system is also known as 
haemo-hydronephrosis. This can be due to trauma, an infective 
process or malignancy. Often it is impossible to delineate whether 
the blood clot is causing the obstruction or is the result of an 
obstructing lesion causing the bleeding. Any patient presenting 
with acute renal colic from a blood clot should be investigated fully 
in order to establish the diagnosis. Ultrasound usually shows low 
level echoes in the urine within a dilated collecting system, very 
similar to those of pyonephrosis, and clinical correlation is usually 
the only way to differentiate the two clinical settings (Fig. 22.14A 
and B). Occasionally an echogenic blood clot can be seen within the 
renal sinus 48 or impacted at the pelvi-ureteric junction. 

Papillary necrosis 

The renal papillae are situated in the renal medulla adjacent to the 
calyces. The renal medulla and papillae are vulnerable to ischaemic 
necrosis partly because of the special blood supply arrangement 
and partly due to the hypertonic environment. They are particularly 
susceptible to ischaemia as a result of hypoxia at the medullary 
junction in individuals with diabetes or on long-term anti¬ 
inflammatory medication or due to analgesia overuse/abuse. Other 
causes include sickle cell disease, pyelonephritis, renal vein throm¬ 
bosis, tuberculosis and obstructive uropathy. Those renal papillae 
that necrose, slough off and blunt the calyces. The sloughed 
papillae may be impacted in the infundibulum of the calyces and 
cause calyceal obstruction. 

It is difficult to detect papillary necrosis on ultrasound unless it 
is at an advanced stage. 49,50 Features may include a prominent pel¬ 
vicalyceal system with increased cortico-medullary differentiation. 
The investigation of choice is with conventional intravenous urog¬ 
raphy (Fig. 22.15); 49,50 however, CT urography is used increasingly 
to assess some patients in selected indications. Contrast-enhanced 
CT urography is often better at depicting a full range of classical 
features including contrast material-filled clefts in the renal medulla, 
non-enhanced lesions surrounded by rings of excreted contrast 
material, and hyperattenuated medullary calcification. 51 

Infections 

Infections within the pelvicalyceal system and ureter can present 
with localised infundibular, PUJ or ureteric strictures. The common 
causes are tuberculosis 52 and fungal infections. 

An infundibular stricture usually results in a localised 
proximal calyceal dilatation and appears as a rounded fluid-filled 
space. This can be seen adjacent to the margin of the renal sinus, 
but sometimes within the sinus. The ultrasound appearances of 
the obstructive calyceal dilatation are indistinguishable from 
non-obstructive calyceal dilatation and frequently urographic 
techniques such as CT urogram are required for a more 
definitive diagnosis. 
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Figure 22.13 Longitudinal and axial US shows a dilated pelvicalyceal system (A and B) caused by a small transitional cell 
carcinoma at the right vesico-ureteric junction (C). 


Congenital 

There are many congenital causes that give rise to pelvi-ureteric 
dilatation on imaging. It is important to recognise these, as with 
each cause, there are other accompanying abnormalities and early 
treatment and intervention could potentially salvage renal 
function. 

Obstructed moiety in a duplex kidney 

Duplex kidney is the commonest congenital abnormality of the 
urinary tract with a reported urographic incidence of around 2%. 53 
Duplex kidney formation is a result of early divisions of the ureter 
to reach the metanephros during embryogenesis. The two parts of 
the duplex kidney are usually joined at a slight twist. Typically 
there is a smaller upper moiety with only two major calyces and a 
larger lower moiety with three major calyces. 

Duplex kidney is a relatively common variant that may remain 
concealed in the absence of associated complications. However, it 


frequently occurs in association with other urinary tract anomalies 
such as a ureterocele and ectopic vesical insertion of the ureter 
draining the upper moiety causing ureteric obstruction, or a defec¬ 
tive vesico-ureteric junction valve mechanism causing vesico¬ 
ureteral reflux to the lower moiety. 54 Both situations may present 
on imaging with a hydronephrotic moiety. 55 

Rare presentation of PUJ obstruction of either moiety may occur 
in the duplex kidney. PUJ obstruction of the lower moiety in the 
duplex kidney 56 has a 2% reported incidence in children with 
duplex kidneys. 57 Rarely, late presentation, in adult life, of lower 
moiety PUJ obstruction with pyonephrosis had also been described 58 
(Fig. 22.16A-C). PUJ obstruction of the upper moiety is very rare. 
It is postulated that the incomplete ureteral duplication has predis¬ 
posed the upper moiety to recurrent UTIs secondary to uretero- 
ureteral (or so-called 'yo-yo') reflux from retrograde peristalsis and 
incomplete urinary drainage. 59 The upper moiety PUJ obstruction 
may have developed subsequent to recurrent urinary reflux with 
subsequent inflammation and kinking of the PUJ. 60 This too may 
present late in adult life with pyonephrosis (Fig. 22.17A-C). 
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Figure 22.14 Axial US shows low level echoes within a mildly dilated pelvicalyceal system consistent with blood clot (A). There is 
no colour Doppler signal within it (B). The patient presented with haematuria. 













15 MINS 


Figure 22.15 Intravenous urography shows renal papillary 
necrosis in a patient using long-term non-steroidal therapy for 
chronic right loin pain due to a renal pelvic stone. 


On ultrasound this may show as a localised dilated pelvicalyceal 
system simulating a PUJ obstruction in the upper or lower moiety; 
the overlying parenchyma is usually thinned and highly echogenic. 
When associated with a ureterocele, the superior fluid collection 
can usually be traced medially along an apparently normal kidney 
as it becomes continuous with the dilated ureter. 61 The ureter may 
be markedly dilated and tortuous, and whilst the mid-ureter is 
usually obscured by bowel gas, the distal ureter can be seen behind 
a full bladder. 62 A ureterocele may be seen as a localised more 
dilated area of the distal ureter at its insertion or, if big, may be seen 
within the bladder lumen. This usually dilates with the passage of 
the urine and may not be obvious unless the operator has observed 
this area carefully for a few minutes during scanning. 61 Sometimes 
there are also numerous cysts associated with it as part of a 


dysplastic process. 2 The ultrasound appearances can usually be 
confirmed with conventional intravenous urography (IVU) or 
increasingly with CT urography. In the presence of pyonephrosis, 
a fluid debris appearance may be seen on the dependent part 
during ultrasound examination (Figs 22.16B and 22.17B) and it is 
extremely important to recognise this urological emergency as 
prompt intervention could be life-saving. 

Idiopathic PUJ obstruction 

Idiopathic PUJ obstruction may occur at any age and is increasingly 
being detected early during antenatal ultrasound examination. It is 
usually caused by an abnormal ring of collagen replacing the 
smooth muscle of the renal pelvis at the PUJ. 63,64 The peristaltic 
waves that start off in the calyces fail to progress smoothly down 
the ureter beyond that abnormal ring of collagen and result in an 
obstructive uropathy. 

Most cases are detected during antenatal ultrasound, occasion¬ 
ally as an incidental finding, and in adults it may present with pain 
during binge drinking, pyonephrosis, a palpable loin mass or 
gastrointestinal symptoms. 

On imaging, the renal pelvis is disproportionately dilated when 
compared with the calyces and the intravenous urography shows 
characteristic appearances (Fig. 22.18). Diuresis renography with 
99m technetium-labelled MAG-3 is very useful to confirm the diag¬ 
nosis of PUJ obstruction as well as to quantify the relative renal 
function in the kidneys before deciding on any potential surgical 
option. 

Bladder outflow obstruction 

Bladder outflow obstruction is a fairly common cause of urinary 
upper tract dilatation. Prostate-related problems are the commonest 
cause in males, which could be related to either benign prostatic 
hyperplasia or malignant prostate cancer. Occasionally, a urethral 
stricture resulting from infection, a congenital abnormality or an 
iatrogenic cause, could also cause upper tract obstruction. 

During ultrasound examination, it is most important to differen¬ 
tiate upper tract dilatation as a result of reflux from a high pressure 
bladder from those situations where it is caused by intrinsic or 
extrinsic factors of ureteric obstruction. This is because the former 
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Figure 22.16 PUJ obstruction in a duplex kidney. A: IVU 

shows a duplex left kidney with PUJ obstruction of the lower 
moiety in a patient presenting with left loin pain and fever. 

B: Ultrasound shows a dilated pelvicalyceal system with low level 
echoes/debris seen in the dependent part consistent with 
pyonephrosis. Subsequent drainage of this infected system yielded 
pus. C: The nephrostogram confirms the left lower moiety PUJ 
obstruction. 
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Figure 22.17 Pyonephrosis. A: IVU shows 
the classic drooping lily sign on the left 
suggesting an obstructed left upper pole 
moiety in a duplex system. B: A subsequent 
ultrasound shows an obstructed system 
which contains internal echoes at the 
dependent part consistent with pyonephrosis 
in a patient presenting with fever and loin 
pain. C: The nephrostogram following 
drainage of this infective obstructed system 
shows a marked dilated upper moiety 
pelvicalyceal system and a very tight PUJ. 



will usually resolve when draining the bladder after an interval 
of either urethral or suprapubic catheterisation. Therefore a repeat 
scan following catheterisation, usually after 5-7 days, is important 
to ensure resolution of the upper tract dilatation. 

Compression by intrapelvic mass 

There are many causes within the pelvis that could lead to a dilated 
pelvi-ureteric system, including gynaecological causes such as cer¬ 
vical carcinoma, endometriosis, pelvic lymphadenopathy and 
inflammatory disease. 

Iatrogenic 

Iatrogenic injury to the ureter is quite common. There are many 
causes; the commoner causes include ligation of the ureter during 
gynaecological procedures, ureteral injury during ureteroscopic 
examination (Fig. 22.19) or, rarely, upper ureteral injury from per¬ 
cutaneous ablative therapy of renal cell carcinoma that lies in close 
apposition to the ureter. 

Trauma 

Both blunt and penetrating renal trauma can result in catastrophic 
renal injury where there is evidence of PUJ disruption. Frequently, 


on ultrasound, perirenal fluid may be detected but the PUJ disrup¬ 
tion is not normally seen. Contrast-enhanced CT with excretory 
phase is the imaging technique to detect this high-grade renal 
injury. 


DIAGNOSIS 


Ultrasound is a very sensitive imaging modality for detecting a 
dilated pelvicalyceal system, even in mild pelvicalyceal dilatation. 
This is especially important because mild dilatation is a well- 
recognised finding and often difficult to detect in some patients 
with severe high-grade obstruction. This usually occurs in the pre¬ 
sence of an obstructing calculus or in chronic obstruction caused by 
retroperitoneal fibrosis or malignancy. Occasionally, the obstructed 
system may not be dilated on all imaging modalities including CT 
or antegrade studies. The renal function usually improves after an 
interval of drainage either with percutaneous nephrostomy or ure¬ 
teric stent insertion. This finding is thought to be related to a low 
urinary flow rate as a result of dehydration, underlying renal paren¬ 
chymal disease, intermittent obstruction by stone or decompression 
of the pelvicalyceal system through rupture of a calyceal 
fornix. Fortunately, the clinical suspicion does assist the prompt 
diagnosis of obstruction in patients with mild pelvicalyceal system 
dilatation. This had been demonstrated by Kamholtz et al., where 






Ultrasound appearances - anatomical evidence 



Figure 22.18 IVU shows a classic left idiopathic PUJ 
obstruction that remains obstructed at 4 hours post contrast 
enhancement. 


obstruction was present in 56% of the clinically suspected group, 
versus 6% in the group in which it was not clinically suspected. 65 

However, ultrasound generally has a poor specificity with a 
reported high false positive rate of up to 26% 4-6 in assessing urinary 
tract obstruction. Ultrasound is less specific than other imaging 
modalities such as a urographic study because it provides less 
anatomical detail, poor visualisation of the ureter and provides no 
functional information about the drainage system. Largely, this is 
because ultrasound can visualise a normal fluid-filled collecting 
system and the causes can vary from osmotic diuresis to back pres¬ 
sure from a distended fluid-filled bladder. In addition, there are a 
variety of other causes that could contribute to the false positive 
ultrasound findings. 


Causes of false positive ultrasound in obstruction 2 

• Normal 

• Anatomical variant, e.g. compound calyx, extrarenal pelvis 

• Diuresis 

• Distended bladder 

• Dilated but non-obstructed 

• Vesico-ureteric reflux 

• Dilated system from previous obstruction 

• Abnormal calyx, e.g. reflux, papillary necrosis, calyceal 
diverticula 

• Other renal fluid collections 

• Cystic disease 

• Normal intrarenal vessels 

• Renal artery aneurysm 


ULTRASOUND APPEARANCES - 
ANATOMICAL EVIDENCE 


It is important to ensure that the bladder is empty when the kidneys 
are examined for pelvicalyceal dilatation. This is because an exces¬ 
sively full bladder can cause mild dilatation of the pelvicalyceal 
system and ureter. 66 

The dilated pelvicalyceal system is usually seen as a central mul- 
tiloculated fluid collection within the renal sinus. The medially 
located larger round renal pelvis can be traced to the dilated calyces 
via the infundibula. It is important to differentiate this from para- 
pelvic cysts, where the cysts remain separate, whereas in hydrone¬ 
phrosis, the fluid collections communicate with each other and 
produce the 'Mickey Mouse sign' (Fig. 22.20A and B). 

When the pelvicalyceal system dilates, the echogenic renal sinus 
fat is usually displaced around it. The renal sinus fat is very well 
seen in mild and moderate hydronephrosis but is usually invisible 
in marked hydronephrosis. When there is severe hydronephrosis, 
differentiation of dilated calyces and the renal pelvis can be diffi¬ 
cult. The degree of hydronephrosis is graded to provide an indica¬ 
tor of the severity of the obstruction. The grades are: mild (grade 
1), moderate (grade 2) and marked (grade 3) 4 (Fig. 22.21A-D). 

During ultrasound examination, it is routine to assess the renal 
length and parenchymal thickness. Longstanding chronic obstruc¬ 
tion will usually result in parenchymal thinning. 

The renal cortex can return to normal if the cause of obstruction 
is resolved promptly. 

Assessment of the dilated ureter in obstructive uropathy is pos¬ 
sible depending on the operator's experience. The dilated proximal 
ureter adjacent to the renal pelvis may be seen if the transducer is 
angled anteriorly. The dilated mid-ureter may be delineated as it 
crosses the common iliac vessels anterior around the pelvic brim. 
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Figure 22.20 Longitudinal (A) and axial (B) ultrasound shows the Mickey Mouse sign. 



Figures 22.21 Longitudinal ultrasound shows the grading of hydronephrosis. A: Non-dilated pelvicalyceal system. B: Mild 
hydronephrosis. C: Moderate hydronephrosis. D: Marked hydronephrosis. 


As for the dilated distal ureter, this may be shown behind the urine- 
filled bladder. 

Whenever there is evidence of pelvi-ureteric dilatation, the cause 
of obstruction should be obtained if possible. Often complementary 
imaging such as CT (with or without contrast), retrograde studies 
and MR urography may be required to delineate the cause. The 
choice of the test will be dependent on patient factors such as 
the renal function and the clinical suspicion for the cause of 
obstruction. 


FUNCTIONAL EVIDENCE USING 
DOPPLER TECHNIQUE 


Renal blood flow changes 


Complete acute obstructive uropathy is normally accompanied by 
altered renal blood flow and raised renal pelvic pressure. In the 















Management of obstructive uropathy 



Figures 22.22 Reflective index (Rl). Doppler ultrasound shows a normal Rl in the right kidney (A) and abnormal Rl (= 0.77) in the 
obstructed left kidney (B) in a patient who presented acutely with left loin pain. (Courtesy of Jane Smith.) 


early stage (within the first few hours post obstruction), there is 
increased renal blood flow which is likely to be related to the dilata¬ 
tion of the afferent arterioles in the acute setting. 67 

At the intermediate stage (3-5 hours post obstruction), the renal 
blood flow decreases, probably as a result of prostaglandins and 
other vasoactive substances due to induced vasoconstriction of the 
afferent arterioles. 68 This usually persists for 24 hours, and at the 
same time, the pressure within the collecting system normalises 
towards the baseline. 

The renal blood flow can be evaluated with the ultrasound 
Doppler technique using the resistance index (Rl). 69-71 The time lines 
for the Rl changes are as expected from the pathophysiology of 
obstructive uropathy, increasing 6 hours post acute obstructive 
uropathy and remaining at a peak from 6 to 48 hours. Thereafter 
the Rl remains elevated but less markedly so than in the 
earlier stage. 71 


DOPPLER TECHNIQUE 


Normal Rl 


Measurement of the Rl should be obtained from the interlobar or 
arcuate arteries. This is sampled using a sample volume of 2-5 mm 
and with a low frequency range (low pulse repetition frequency) and 
a low wall filter. 7 At least three measurements need to be sampled 
from three different sites and with three to five waveforms recorded 
from each site in order to allow calculation of an average Rl. 72 

The normal Rl is less than 0.7, 73 though it is higher in neonates 
and infants. In the first year, the Rl is usually greater than 0.7 
and it may persist at this level for up to 4 years. 74 In the adult, 
there is a wide variability in the Rl even amongst normal individu¬ 
als. In addition, this measurement also varies depending on the 
site of sampling; hence it is important to obtain an average 
measurement. 

Abnormal Rl 


In adults, a dilated non-obstructed pelvicalyceal system and a 
dilated obstructed pelvicalyceal system have an Rl of less than and 
greater than 0.7, respectively. 73 In addition, a difference in Rl greater 
than 0.06-0.1 between the two kidneys is a significant indicator of 
obstruction on the side with the raised Rl. 75 


However, an increase in Rl is a non-specific indicator for obstruc¬ 
tion. This is because Rl tends to increase in a wide range of renal 
pathologies such as chronic renal disease, acute tubular necrosis, 
haemolytic uraemic syndrome, acute renal vein thrombosis, 
pyelonephritis, renal transplant rejection and subcapsular renal 
collection. 76-79 

In acute obstructive uropathy caused by a ureteric stone, the Rl 
elevation occurs around 6-8 hours post obstruction. 71,75,80 The most 
useful indicator is the inter-renal Rl difference for locating the site 
of obstruction 71,75 (Fig. 22.22A and B). This may be demonstrated in 
up to 20% of subjects without pelvicalyceal system dilatation. 75,80 
However, many studies have a lower sensitivity (42-44%) 81,82 when 
compared with Platt's group (87%). 80 This could be due to the wide 
range of RIs in normal subjects, time-related response of the Rl to the 
obstruction, possibility of partial or intermittent obstruction, hydra¬ 
tion status and probably the use of analgesics that are vasodilators. 83 

In chronic obstructive uropathy, taking serial Rl measurements 
30 minutes after intravenous furosemide administration has been 
advocated, as this has been shown to be more sensitive than without 
furosemide. 84 Sensitivity was 95% in detecting renal obstruction 
when an Rl threshold of greater than 0.75 was used to diagnose 
urinary tract obstruction. 84 

Ureteric jets 


Ureteric jets may be visualised when scanning a full bladder as 
highly echogenic streams on greyscale ultrasound or as areas of 
colour on Doppler examination. 85,86 The ureteric jets are usually 
symmetrical on both sides. 86 

For optimal assessment, the patient should be hydrated with 
600 mL to 1 L of fluid. About 15-30 minutes following hydration, 
the bladder should be examined for a period of at least 5 minutes 
to look for the jet of urine. In high-grade obstruction, most patients 
demonstrate no ureteric jet; conversely, in low-grade obstruction, 
very few patients have abnormal flow 86 (Fig. 22.23A and B). 


MANAGEMENT OF OBSTRUCTIVE 
UROPATHY 


The management of obstructive uropathy is very much dependent 
on the cause of obstruction. Ultrasound is very sensitive in detect¬ 
ing urinary tract obstruction but in most cases has difficulty in 
delineating the cause. Today, CT KUB and contrast-enhanced CT 
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Figure 22.23 A: Axial ultrasoundshows a left vesico-ureteric junction 
suggesting that the stone is causing only an incomplete obstruction. 



(with excretory phase) are the investigations of choice depending 
on the clinical scenario. 

MAG-3 renogram is very useful in assessing the relative function 
of the obstructed and non-obstructed kidneys. This information will 
allow the clinician to determine whether there is any mileage in 
saving the chronically obstructed kidney. 

The treatment of obstructive uropathy is essentially dependent 
on the cause and radiologists are frequently involved in the acute 
setting when there is a need to relieve an obstructed system in the 


stone. B: Doppler ultrasound shows that there is flow past the stone 



Figure 22.24 Percutaneous nephrostomy. A: Longitudinal 
ultrasound shows a markedly hydronephrotic collecting system 
containing internal echoes in a patient presenting with fever and loin 
pain consistent with pyonephrosis. B: A wire is passed into the 
collecting system using the Seldinger technique. C: An 8F locking 
loop pigtail catheter is inserted under ultrasound guidance. 


event of crushing renal failure or when there is evidence of 
pyonephrosis. 

Pyonephrosis 


Pyonephrosis is a urological emergency and performing percutane¬ 
ous nephrostomy in this situation is very rewarding as it is a life¬ 
saving procedure. 
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The patient normally presents with loin pain and fever. Ultra¬ 
sound will reveal an obstructed pelvicalyceal system which 
contains internal echoes consistent with an infected system (Figs 
22.20B and 22.21B). 

Percutaneous nephrostomy 


Ultrasound is the modality of choice to guide the puncture of the 
dilated pelvicalyceal system. Both free hand and guide attachments 
fixed to the ultrasound transducer techniques are safe and widely 
practised. 87 Assessing the dilated system is usually achieved with a 
19G or 20G sheathed needle through the perinephric tissue along 
the line of the ultrasound beam. Local anaesthetic is infiltrated 
under ultrasound guidance and the procedure is performed under 
breath holds during suspended inspiration in the cooperative 
patient or during gentle respiration in confused patients. When the 
dilated system is successfully accessed, a small amount of the 
infected urine should be sent for microbiology assessment. All 
patients with suspected pyonephrosis should be given prophylactic 
antibiotics before the collecting system is punctured because punc¬ 
turing of the system can lead to septicaemia. 

Depending of the configuration and degree of the dilatation, 
Seldinger and one-stab techniques may be used to site the nephros¬ 
tomy. In moderate to marked hydronephrosis, both the Seldinger 
technique (Fig. 22.24A-C) and the one-stab technique using the 
trocar assembly can be easily performed using ultrasound guidance 
alone. When the system is minimally dilated, the Seldinger tech¬ 
nique is usually performed using both ultrasound and fluoroscopic 
guidance in the interventional suite. 
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INTRODUCTION 


A wide range of disorders can affect the parenchyma of the kidney, 
producing varying degrees of acute or chronic impairment of func¬ 
tion. Patients may be referred for ultrasound with one of several 
different clinical pictures. They may have suffered a sudden dete¬ 
rioration in function with no previous history of renal disease, or 
may have known renal impairment but have deteriorated suddenly 
or more quickly than was expected from their clinical history. 

Ultrasound is a valuable investigation in the assessment of 
patients with impaired renal function from any cause as it does not 
rely on function or require the administration of intravascular con¬ 
trast. Contrast medium may be deleterious to already impaired 
kidneys which may not have sufficient residual function for 


adequate concentration of contrast for satisfactory visualisation. 
Ultrasound demonstrates the presence, size and appearance of the 
kidneys but, most importantly, it will demonstrate whether there is 
obstruction of the outflow from the kidney. Although this is the 
cause of impaired function in only some 10% of patients with acute 
renal failure, 1 it is important that it should be recognised as quickly 
as possible so that relief of the obstruction can be obtained by the 
most suitable technique. 

In the majority of cases obstruction will not be demonstrated but 
ultrasound is still of value as it can give information on the overall 
size of the kidneys, the thickness and reflectivity of the cortex, the 
prominence of the medullary pyramids and the degree of corti¬ 
comedullary differentiation. Although changes in these features are 
non-specific they may, in conjunction with the clinical picture, 
provide further clues to the nature of the renal abnormality and the 
likelihood of recovery. Doppler ultrasound allows assessment of 
blood flow in the renal arteries and veins, which is of value, espe¬ 
cially if a vascular aetiology is suspected. Ultrasound can also be 
used to guide biopsy procedures (see Chapter 11). 

Unfortunately ultrasound does not distinguish reliably between 
the various causes of acute or chronic renal failure. Many attempts 
have been made to correlate the ultrasound appearances of the 
kidneys with the type of disease, its severity and its outcome but 
with little success. 2-6 Some clues can be obtained from the overall 
appearances of the kidney, analogous to the changes seen on urog¬ 
raphy. Focal cortical scarring with normal cortical reflectivity and 
no calyceal dilatation may be seen in segmental renal infarction, 
whereas focal scarring with dilated or prominent calyces raises the 
possibility of chronic pyelonephritis or reflux nephropathy. A 
dilated collecting system with diffuse cortical loss implies chronic 
obstruction or vesico-ureteric reflux, whereas prominent or dilated 
calyces without cortical loss suggests obstruction or perhaps renal 
papillary necrosis. 


ULTRASOUND FEATURES OF MEDICAL 
RENAL DISEASE 


Renal size 


In acute disorders when there is oedema or inflammatory infiltrate, 
there is usually swelling of the parenchyma and an increase in 
overall size (Fig. 23.1). However, in the majority of cases of acute or 
subacute medical renal disease the size of the kidneys remain within 
normal limits. In chronic renal disease the kidneys tend to contract 
as fibrotic changes develop, but the degree to which this occurs is 
very variable and correlation with renal function as well as with the 
type of pathology is poor. 2-4 In some types of chronic renal disease, 
such as amyloid, the kidneys may enlarge in the initial stages but 
later contract. Enlargement may also occur if severe acquired cystic 
disease of renal failure develops. In addition, the kidneys are often 
large in diabetic patients until nephrosclerosis supervenes, when 
they may shrink to normal or below normal size (see below). 
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Figure 23.1 Acute glomerulonephritis. An enlarged kidney with 
increased cortical reflectivity and thickness in a patient with acute 
glomerulonephritis. There is also some loss of corticomedullary 
differentiation. 


Features of renal parenchymal disease 

Change in size of kidneys: the kidneys may swell in acute disorders 
and tend to contract with chronic disease. 

Increased or decreased reflectivity: increased parenchymal reflectivity 
is associated with inflammatory infiltration; decreased reflectivity 
with oedema or infiltration. 

Loss of corticomedullary differentiation: seen with medullary 
inflammation or early calcinosis. 

Scarring: occurs in the cortex of a renal lobule; fetal lobation 
indentations occur between lobules. 

Changes in blood flow: most parenchymal diseases result in a 
non-specific elevation of the resistance index. 


Cortical changes 


In acute nephropathies the cortex may swell and increase in thick¬ 
ness. The cortical reflectivity may be either reduced (Fig. 23.2), as 
in acute renal vein thrombosis, or markedly increased, as in some 
cases of acute glomerulonephritis and acute interstitial nephritis 
(Fig. 23.3). Assessment of cortical reflectivity can be difficult. In the 
past it was compared to that of the adjacent liver or spleen - assum¬ 
ing that these were normal - and an estimate made of whether the 
reflectivity was less than, equal to or greater than the liver or spleen. 
In extreme cases of disease the reflectivity of the cortex can be 
similar to the renal sinus. 2 Normal cortex is generally less reflective 
than the liver or spleen. However, some modern ultrasound 
machines may not demonstrate much difference between the 
kidney and the adjacent liver in normal patients. 5,7 This is a feature 
of the equipment pre- and post-processing characteristics and these 
should be optimised to enhance display of subtle contrasts between 
low-amplitude echoes. 

In chronic disease the reflectivity of the cortex is also variable. 
While the cortex may show no apparent change in appearance in 
some patients with severely impaired function, there is a tendency 
for cortical thinning to occur. This is usually proportional to the 
overall decrease in renal length but there is no consistent correlation 
with the underlying renal disease. 8 Some conditions, such as vesico- 
ureteric reflux or segmental infarction, result in cortical scarring. 



Figure 23.2 Acute renal failure. A swollen echo-poor kidney with 
loss of corticomedullary differentiation in a patient with acute renal 
failure. 



Figure 23.3 Glomerulonephritis and nephrotic syndrome. 

Increased prominence of the pyramids in a patient with 
glomerulonephritis and nephrotic syndrome. 


Scarring can be distinguished from fetal lobation by assessing the 
relationship of the defect to the underlying pyramid and calyx. 
With fetal lobation the cortical indentation overlies the interval 
between pyramids rather than overlying a pyramid itself, which is 
the case with cortical scarring. 

Calcification in the cortex may be apparent following acute 
cortical necrosis and rarely in some cases of chronic 
glomerulonephritis. 

Medullary changes and 
corticomedullary differentiation 


The medullary pyramids may be more prominent in many cases of 
parenchymal disease as the increased cortical reflectivity increases 
contrast with the echo-poor medullary tissue. In other cases there 
may be a decrease in the degree of corticomedullary differentiation 
so that the pyramids are poorly defined or even indistinguishable 
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Figure 23.4 Acute glomerulonephritis. Loss of corticomedullary Figure 23.6 Tumour thrombus in the right renal vein extending 
differentiation in a patient with acute glomerulonephritis. into the IVC in a patient with renal cell carcinoma. 




Figure 23.5 Nephrocalcinosis. Increased reflectivity of the 
medullary pyramids in a patient with early nephrocalcinosis. 


as separate structures (Fig. 23.4). However, as with cortical reflectiv¬ 
ity, there is no correlation with the aetiology of the renal disease. 3 
In acute conditions involving primarily the medulla, such as acute 
tubular necrosis, the pyramids can be enlarged due to oedema. 
Increased medullary reflectivity can be detected in nephrocalcinosis 
of any aetiology (Fig. 23.5) and also in some other conditions such 
as gout. 

Renal vessels and Doppler studies 


Doppler signals can be obtained from the main renal arteries, their 
major branches and the interlobar vessels. 9-12 The renal circulation 
is normally of a low-resistance type with good diastolic flow, the 
normal resistance index (RI) in adults is less than 0.7, 13 and both 
kidneys should show similar values; a difference in RI of greater 
than 0.1 implies unilateral abnormality. The shape of the spectral 
waveform is important, particularly in the assessment of renal 
artery stenosis. Parenchymal disease can also alter the pattern of 


blood flow to a variable degree depending on the severity of 
involvement of the vessels with a resulting increase in the RI. There 
is a tendency for the RI to be higher in patients with acute tubulo¬ 
interstitial disease 14 but these changes are not consistent or specific 
and are of little diagnostic value in distinguishing between different 
pathologies. 5,13 

Although, from the foregoing discussion, it would appear that 
ultrasound has little to offer in differentiating between the various 
causes of acute and chronic renal disease, useful information can 
be obtained from both imaging and Doppler, which in conjunction 
with the clinical history, biochemical findings and biopsy result (if 
performed) will allow a diagnosis to be reached, management deci¬ 
sions made and prognosis assessed. 


MEDICAL RENAL DISEASES 


Vascular disorders 


Renal vein thrombosis 

Renal vein thrombosis may be seen in up to 40% of septic or dehy¬ 
drated infants. 15 Acute presentation with renal vein thrombosis is 
rare in adults. When it does occur it is generally unilateral or 
restricted to one segment and clinical renal failure does not occur, 
but it may occasionally be bilateral. It is most commonly associated 
with the nephrotic syndrome, which it is often considered to cause; 
however, it usually occurs on a background of pre-existing renal 
disease, most commonly membranous nephropathy producing the 
nephrotic syndrome, so that the venous thrombosis is a result of 
the underlying renal pathology rather than being the cause. 16 It is 
also associated with systemic lupus erythematosus, diabetes, 
glomerulonephritis, hypovolaemic shock and renal transplanta¬ 
tion. 15 In some patients various abnormalities of coagulation, 
involving clotting factors, the fibrinolytic system and platelets, can 
be demonstrated. Other conditions which are associated with the 
development of renal vein thrombosis in the adult are trauma, oral 
contraceptives and steroid administration. Dehydration is more 
commonly associated with renal vein thrombosis in infants, 
although it may occur in adults, particularly in hot climates. Renal 
cell carcinoma may invade the renal vein and produce a tumour 
thrombus which can, like ordinary thrombus, extend into the infe¬ 
rior vena cava (IVC) and provide a source of emboli (Fig. 23.6). 17 
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Left renal vein occlusion in males may present initially as an acute 
left varicocele, however, this is extremely rare. 

On ultrasound the appearances depend on the degree of venous 
obstruction, the speed with which it has developed and the amount 
of collateral flow. Sudden complete occlusion of the main renal vein 
produces an enlarged, echo-poor kidney. 16,18,19 The changes develop 
over the initial 24 hours and are due to swelling of the parenchyma. 
Echo-free areas of haemorrhagic infarcts can be distinguished 
within the generally echo-poor tissue and the renal sinus echoes 
may be markedly compressed by the swollen parenchyma. After 
10-14 days the kidney starts to shrink and over a period of 1-2 
months this results in a small kidney with abnormally high reflec¬ 
tivity. Corticomedullary differentiation is initially preserved but is 
lost after 3-4 weeks as the kidney contracts. The renal veins can 
appear larger than normal and thrombus may be demonstrated 
within them with extension into the IVC in some patients. In 
patients with intrarenal segmental vein occlusion, focal areas of 
oedema and reduced reflectivity may be seen. 

Colour Doppler examination is useful in confirming the lack of 
venous flow in the main renal veins and within the kidney paren¬ 
chyma in severe cases. 10 In more severe cases the renal artery flow 
reduces to the baseline in diastole, or may even show reverse 
diastolic flow. 20 In patients with occlusion of segmental intrarenal 
veins venous Doppler signals may still be apparent within the 
renal parenchyma and the only clue to venous thrombosis may be 
a decrease in arterial diastolic flow, secondary to the increased 
intrarenal vascular resistance. 15 In cases of renal cell carcinoma 
extending into the renal vein it is not usually possible to demon¬ 
strate flow in the tumour thrombus to enable diagnosis but 
the clinical situation normally indicates the nature of the 
'thrombus'. 13 


Renal artery occlusion 

Sudden renal infarction can occur from various causes including 
atheromatous plaque haemorrhage, aortic dissection, emboli and 
traumatic avulsion. Unilateral renal artery occlusion does not 
produce renal failure and without Doppler may be difficult to 
detect with ultrasound. In the immediate acute stage following 
complete arterial occlusion the affected kidney may be normal in 
size and have normal reflectivity but a small increase in size com¬ 
pared with the perfused contralateral kidney may be demonstrated. 
In some patients a subcapsular 'halo' or rim of echo-poor tissue can 
be seen which is thought to correspond to oedematous perfused 
tissue fed by capsular collateral vessels. 21 In the longer term the 
affected kidney slowly shrinks with smooth margins and no dilata¬ 
tion of the collecting system. Colour or power Doppler ultrasound 
fails to show any arterial flow within the kidney; echo-enhancing 
agents will increase diagnostic certainty if there is any doubt over 
the diagnosis. 

Acute segmental infarction results in a localised area of swelling 
with reduced reflectivity which appears some 8-24 hours after 
occlusion. After several weeks the infarcted area contracts and ulti¬ 
mately forms a highly reflective scar. 21 Focal renal infarction can 
result from local atheroma, or emboli. It may also be seen in sickle 
cell disease. 

Renal artery stenosis 

Narrowing of the renal arteries can cause hypertension and may be 
implicated in up to 5% of patients with hypertension. In one study 
with patients selected for ultrasound and Doppler assessment for 
possible renal artery stenosis, there was a prevalence of 22% for 
renal artery stenosis of >60% diameter reduction. 22 The commonest 
causes are atheroma and fibromuscular dysplasia of the vessel wall; 
other causes include aortic aneurysm, arteritis, emboli, neurofi¬ 
bromatosis and trauma. It is important to make the diagnosis since 
correction of the stenosis may allow cessation of drug therapy, or 
at least make therapeutic control easier. 



Figure 23.7 Renal artery stenosis. Colour Doppler of the origin 
of the left renal artery showing a markedly elevated PSV in excess 
of 3.6 m/s indicative of renal artery stenosis. (Courtesy 
Dr G. Baxter.) 


In a patient with unilateral renal artery stenosis the affected 
kidney is usually of normal shape and size unless the stenosis is 
greater than 60%, when a small decrease in size may be found. 23 

Doppler can be used to examine the main renal arteries and also 
the intrarenal vessels. Initial reports suggested that the main renal 
arteries could be examined adequately in up to 80% of patients (Fig. 
23.7). 12,24 However, it became apparent that in routine practice these 
examinations took a significant time to perform and problems 
existed with not only locating the main renal arteries and obtaining 
adequate waveforms but also locating accessory renal arteries, 
which are present in up to 40% of individuals. 25-27 Nevertheless, 
with appropriate training and sufficient time, more recent studies 
have demonstrated the main renal arteries in over 90% of cases, 
although visualisation of accessory arteries remains a problem. 22,28 
Attention was then given to the Doppler waveform changes that 
might be seen in the intrarenal vessels as a result of a proximal 
stenosis in the main artery and again, initial reports suggested that 
measuring the systolic acceleration together with the RI and assess¬ 
ing changes in the waveform shape allowed diagnosis of significant 
proximal stenoses. 29-31 However, it again became apparent that the 
situation was less than straightforward. These criteria only detect 
reliably stenoses of greater than 70-80% but not lesser stenoses, and 
the shape of the waveform is not simply related to the pressure 
drop across the stenosis but also to the compliance of the renal 
arteries. 32 Coexisting renal parenchymal disease may also affect the 
waveform due to changes in peripheral resistance. 

Other parameters, including the acceleration index and lowering 
of the resistance index or pulsatility index, have been assessed but 
have proved less popular in routine practice. 

There is quite large variation in the literature around the best 
cut-off levels, particularly for the renal artery peak systolic velocity 
(PSV) and the renal artery/aorta velocity ratio (RAR). One review 
of the literature showed that the renal artery PSV had the highest 
performance characteristics with an expected sensitivity of 85% and 
specificity of 92%; additional measurements did not increase the 
accuracy achieved with the single PSV measurement. 33 The follow¬ 
ing criteria have proved useful in the assessment of renal artery 
stenosis: 

■ PSV greater than 180 cm/s correlates with stenoses >60%, 15 
providing the vessel is adequately visualised. 

■ An RAR equal to or greater than 3.5: the velocity in the upper 
abdominal aorta and the renal artery at the site of the stenosis 
are measured; a ratio equal to or greater than 3.5 correlates 
with stenoses greater than 60%. 34 However, measurement of 
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Figure 23.8 Renal artery stenosis. Parenchymal arterial 
waveform showing a tardus parvus pattern with a prolonged 
acceleration time of 0.18 s and a reduced peak systolic shift. 


Features of significant renal artery stenosis 

Elevated peak systolic velocity: velocities in the stenotic segment 
>1.8-2.0 m/s correlate well with stenoses of >60% diameter 
reduction. 

Renal artery/Aorta ratio: an RAR >3.5 correlates with stenoses 
>60%. 

Acceleration time: an AT >0.07 s correlates with a stenosis >60%. 

Loss of the early systolic peak (ESP): proximal stenosis results in 
changes to the intrarenal waveform with loss of the ESP and a 
‘tardus parvus’ appearance. 


true velocities may be a problem as adequate visualisation of 
the renal artery for angle correction can be difficult. 12,23 

■ Acceleration time greater than 0.07 s: this is measured in the 
intrarenal arteries and is the time taken from the start of the 
systolic acceleration to the systolic peak (Fig. 23.8) 27,29 

■ Loss of the early systolic peak and tardus parvus waveform: 
the normal intrarenal renal artery waveform shows a small 
peak at peak systole; loss of this and progressive flattening of 
the waveform due to slower acceleration (tardus) and slower 
peak velocities (parvus) correlates with a proximal stenosis 
>60% (Fig. 23.8). 30 

The value of Doppler in the assessment of renal artery stenosis is 
that a positive diagnosis indicates a significant lesion but if the 
study is technically inadequate or has an indeterminate or negative 
result, it does not rule out a lesion and further imaging with iso¬ 
topes or magnetic resonance angiography will be required. The use 
of echo-enhancing agents improves the visualisation of both the 
main and peripheral arteries, together with the diagnostic yield, but 
their role has yet to be fully defined. 35,36 

Hypertensive renal disease 

The links between hypertension and the kidney involve complex 
haemodynamic, endocrine and metabolic interactions. Renal artery 
disease can cause hypertension (see 'Renal artery stenosis') but 
conversely hypertension can cause renal disease. In this case the 
changes primarily affect the interlobar arteries and afferent arteri¬ 
oles, producing few changes on ultrasound. 37 The renal size may be 
symmetrically and modestly reduced but this is difficult to assess 


on ultrasound as it is often not possible to show a significant dif¬ 
ference between the two sides. If a patient presents in chronic renal 
failure with small kidneys and hypertension it is not possible to 
determine whether the hypertension produced nephrosclerosis 
and renal failure or if the hypertension is the result of chronic 
renal disease. 34 

Acute tubular necrosis 


This is the commonest cause of acute renal failure in hospital 
patients; usually several factors combine to precipitate acute 
tubular necrosis (ATN) including hypotension, sepsis, drugs, con¬ 
trast agents, dehydration and haemoglobinuria/myoglobinuria. 
Some two-thirds of patients will have more than one factor 
implicated. 38 

On ultrasound the kidneys may be unremarkable but some 
patients show an increase in renal size, particularly in the antero¬ 
posterior diameter, together with enlarged, well-defined pyra¬ 
mids. 39,40 Other patients may show an increase in cortical reflectivity 
with preservation of corticomedullary differentiation. There is 
some evidence that the aetiology of ATN in this latter group is more 
often a toxic insult, such as gentamicin or ethylene glycol poisoning. 
Those patients with prominent pyramids are more likely to have 
sustained ischaemic or hypotensive damage. 41 

Doppler ultrasound shows an elevated RI in the intrarenal arter¬ 
ies in the majority of patients with ATN. 42 Although there is some 
overlap with other causes of acute renal failure, kidneys with ATN 
tend to show significantly higher RI values (mean 0.85); there is also 
a tendency for patients who have persistent renal dysfunction to 
have higher RI values than those who recover adequate renal 
function. 42 

In renal transplant patients, acute tubular necrosis may be a cause 
of impaired renal function particularly in the postoperative period. 
Unfortunately ultrasound is unable to distinguish reliably between 
ATN and other causes of impaired renal function, such as acute 
rejection or drug toxicity, and biopsy is required for accurate 
diagnosis. 43 

Glomerulonephritis 


This term covers a variety of conditions which primarily affect the 
glomerulus. Clinically they are defined by any precipitating factors, 
the clinical presentation and the findings on biopsy. The appear¬ 
ances on ultrasound are completely non-specific in terms of the 
pathological type, the degree of renal impairment and the progno¬ 
sis. 2,3 There is some correlation between the degree of reflectivity 
and interstitial infiltrative changes or fibrosis but this is not of any 
value in determining the cause of renal impairment or predicting 
the outcome. 5,6,44,45 

In the acute stages the kidneys can be normal in appearance or 
they may show increased cortical reflectivity; they may be normal 
in size or enlarged. If chronic renal disease develops there is a ten¬ 
dency for the kidneys to shrink but the degree to which this occurs 
is variable, as is the amount of increased cortical reflectivity which 
develops or persists. Changes in corticomedullary differentiation 
also occur, with loss of definition being broadly related to the 
degree of inflammation and cellular infiltrate within the paren¬ 
chyma (Fig. 23.4). In post-streptococcal glomerulonephritis there 
have been reports of multiple intrarenal echo-poor masses sepa¬ 
rated by highly reflective bands of tissue, although this is not an 
invariable feature. 46 

Renal papillary necrosis 


This disorder is caused by one of many different processes affecting 
the medullary pyramids and leading to ischaemic necrosis of them. 
Analgesic abuse, diabetes, sickle cell trait/disease, infection, uret¬ 
eric obstruction and vesico-ureteric reflux are the commonest 
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causes but a variety of vasculitic and other conditions have been 
described in association with this disorder. 47 

The renal pyramids are more vulnerable to ischaemic change 
because of the specific arrangement of their blood supply and their 
hypertonic environment so that conditions which further reduce 
blood flow or oxygenation produce ischaemic change. 48 The initial 
changes of central or peripheral papillary necrosis are not visual¬ 
ised on ultrasound but are well seen on intravenous urography and 
CT. If total papillary necrosis develops, these changes can be 
detected on ultrasound (Fig. 23.9). Calcification of affected papillae 
may occur, causing highly reflective regions in the papillae. 49 The 
affected papillae may slough off, producing small round or trian¬ 
gular cystic areas in the medullary region that can be demonstrated 
on ultrasound. 50 These sloughed papillae may cause ureteric 
obstruction and, if they are calcified, may be mistaken for calculi. 51 
In the initial stages the renal size and outline are normal but some 
loss of renal volume does occur in chronic stages and the renal 
outline may become a little irregular due to areas of atrophy 
and compensatory hypertrophy, especially if analgesic intake 
has ceased. 47 

Medullary sponge kidney 


In this condition there is dilatation of the distal collecting tubules 
in the medullary papillae. The aetiology is uncertain but it is prob¬ 
ably a developmental anomaly and links with various other disor¬ 
ders such as hemi-hypertrophy, Ehlers-Danlos syndrome, Marfan's 
syndrome and Caroli's disease have been reported. 52 The true prev¬ 
alence in the population is unknown as most patients remain 
asymptomatic unless calculi, haematuria or pain develop. Estimates 
of 0.5% of all intravenous urograms have been suggested 53 and 
approximately 17% of patients with renal calculi have been shown 
to have medullary sponge kidney. 54 

The diagnosis is usually made on urography, or CT, but 
ultrasound may show early nephrocalcinosis before this is seen 
radiographically, or even with CT. 55 Usually several pyramids 



are involved but occasionally the abnormalities may be limited to 
just two or three pyramids. If calculi form these may be detected in 
the region of the pyramids or calyces (Fig. 23.10) and if ureteric 
obstruction results then this too can be detected on ultrasound. 


CT 


* 




Figure 23.9 Papillary necrosis. Small cystic areas containing 
necrotic papilla fragments in the periphery of the sinus echoes in a 
patient with papillary necrosis. 



Figure 23.10 Medullary sponge kidney. A and B: Two examples of medullary sponge kidneys with calcifications in the medullary 
pyramids in two different patients. 
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Figure 23.11 Nephrocalcinosis. A: Moderate changes of nephrocalcinosis in a patient with renal tubular acidosis. B: More marked 
changes in another patient with hypercalcaemia. 



Nephrocalcinosis 


This term embraces a varied group of disorders in which calcifica¬ 
tion is deposited within the renal parenchyma. The calcification is 
usually medullary in site but rarely may be cortical. Many disorders 
have been associated with medullary calcification including renal 
tubular acidosis, primary hyperoxaluria and papillary necrosis. 
Conditions resulting in hypercalcaemia or hypercalciuria can also 
produce nephrocalcinosis and these include primary hyperparathy¬ 
roidism, sarcoid, vitamin D excess, hypercalcaemia of malignancy 
and Cushing's syndrome. Long-term ingestion of furosemide can 
also result in medullary nephrocalcinosis in children and adults. 56 
An idiopathic form of nephrocalcinosis is occasionally seen. Corti¬ 
cal calcification has been reported in patients who have had acute 
cortical necrosis in the past and is also seen on rare occasions in 
patients with chronic glomerulonephritis. 

On ultrasound the areas of calcium deposition are seen as highly 
reflective regions within the renal parenchyma, most commonly in 
the region of the pyramids (Fig. 23.11). This is usually diffusely 
distributed within the medullary pyramids but may be seen as a 
peripheral ring around the margin of the pyramids. Acoustic shad¬ 
owing is frequently not present as the calcific foci are much smaller 
than the beam width (Fig. 23.5), particularly in early cases. 55,57 A 
similar appearance with highly reflective pyramids and variable 
acoustic shadowing is seen in patients with hyperuricaemia. 55 

In patients who have had acute cortical necrosis, calcification may 
develop at the interface between viable and necrotic areas 58 and this 
may be seen as early as 6 days after the onset. 


MISCELLANEOUS DISORDERS 


Acute interstitial nephritis 


This condition is a cause of acute renal failure and is characterised 
by inflammatory cell infiltration of the interstitial tissues in the 


Causes of renal calcification 

• Medullary pyramids 

• Medullary sponge kidney 

• Hypercalcaemia/hypercalciuria (hyperparathyroidism, sarcoid, 
vitamin D excess, milk/alkali syndrome, malignancy, 
immobilisation 

• Long-term furosemide (frusemide) usage 

• Renal tubular acidosis 

• Renal papillary necrosis (RPN) 

• Hyperoxaluria 

• Cortical 

• Acute cortical necrosis 

• Chronic glomerulonephritis 

• Alport syndrome 

• Sickle cell disease 

• Collecting system and renal sinus 

• Renal calculi 

• Sloughed papilla in RPN 

• Arterial calcification 


kidney. It is most commonly precipitated by drugs or various infec¬ 
tions but it may also be associated with connective tissue disorders 
and malignant infiltration. Clinically it may mimic acute tubular 
necrosis (ATN) as a degree of tubular dysfunction is often present 
and the disorder is more accurately described as acute tubulo¬ 
interstitial nephritis. As with ATN the kidneys may be normal in 
size or enlarged, depending on the severity of the infiltrate. The 
reflectivity of the cortex may be normal or increased, and the 
finding of markedly increased cortical reflectivity in a patient with 
acute renal failure raises the possibility of acute interstitial nephri¬ 
tis. 59 However, the appearances are non-specific (Fig. 23.12) and 
renal biopsy is required to make the diagnosis in those patients who 
do not show an improvement following removal of the likely pre¬ 
cipitating agent. 60 
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Figure 23.12 Chronic interstitial nephritis. A small bright kidney 
in a dialysis patient with end-stage renal disease following acute 
interstitial nephritis. 



Figure 23.13 Acute cortical necrosis. There is a generalised 
increase in the parenchymal reflectivity but with a persistent rim of 
lower reflectivity in the subcapsular region. 


Acute cortical necrosis 


This is a rare cause of acute renal failure. It is often associated with 
postpartum haemorrhage and other obstetric emergencies, such as 
eclampsia and puerperal sepsis. Non-obstetric causes include snake 
bites, acute pancreatitis and other causes of severe shock and sepsis. 
The necrosis of the cortex seems to be the result of acute ischaemia 
as there are ischaemic changes within the cortex with sparing of a 
thin rim of peripheral tissue which is supplied by capsular vessels. 
On ultrasound there is loss of the normal corticomedullary differ¬ 
entiation within the parenchyma and patchy areas of increased 
reflectivity may be seen. 58 The outer margin of perfused cortex may 
be identified as a rim of echo-poor tissue adjacent to the capsule 
(Fig. 23.13). Calcification can develop at the junction between viable 
and necrotic tissue and this may appear within a few days. 58 



Figure 23.14 Renal amyloid. An enlarged kidney with patchy 
increase in cortical reflectivity in a patient with amyloid. 


Amyloid and the kidneys 


Amyloid is a disease complex that results in the extracellular deposi¬ 
tion of insoluble fibrillar protein material with a (3-pleated sheet 
configuration. 61 The term 'amyloidosis' covers a spectrum of disor¬ 
ders which result in a variety of abnormal proteins with this configu¬ 
ration being produced. These can be separated on the basis of the 
distribution of amyloid protein into systemic or localised forms, and 
further subgroups can be defined depending on the nature of the 
amyloid protein and the clinical associations or context of the condi¬ 
tion. The most significant amyloid proteins are amyloid light chain 
(AL), amyloid A protein (AA) and p 2 -microglobulin. Systemic amy¬ 
loidosis accounts for some 85% of cases and includes the idiopathic 
(or primary) type, myeloma-related, reactive and familial forms of 
amyloid. AL amyloidosis is associated with primary amyloid and 
myeloma, whereas AA proteins are found mainly in secondary 
amyloid associated with chronic inflammation, chronic infections or 
neoplasms, particularly renal cell carcinoma. p 2 -microglobulin amy¬ 
loidosis is a type of secondary amyloid that is related to long-term 
haemodialysis. 62 Localised amyloid includes that confined to a single 
organ, the focal and senile forms of the disease. 61 

The kidneys are often involved in the systemic forms of amyloid 
with 90% of primary amyloid patients having proteinuria and 50% 
azotaemia at the time of presentation; 30% will develop the neph¬ 
rotic syndrome. Similar clinical findings occur in myeloma-related 
and secondary amyloid. 

In the acute or early stages of the disease the kidneys may be 
large and oedematous but, depending on the severity and duration 
of renal involvement, they decrease in size over a period of time 
and small, contracted kidneys are found in chronic cases. 63 On ultra¬ 
sound enlarged amyloid kidneys are often seen to have increased 
cortical reflectivity which is usually uniform but may be patchy in 
its distribution (Fig. 23.14). The amyloid protein is deposited mainly 
in the cortex so that corticomedullary differentiation is preserved 
and the pyramids are normal in size. 64 As chronic changes develop, 
no distinguishing features can be seen on ultrasound to allow dif¬ 
ferentiation from other causes of chronic renal disease, although the 
presence of an amyloid-related disorder such as rheumatoid arthri¬ 
tis or systemic lupus erythematosus may suggest the nature of the 
renal changes. 

Diabetes mellitus 


Diabetes affects the kidneys primarily through vascular changes, 
although recurrent infections may also play a part in impairment 
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of renal function, and papillary necrosis may be seen. As with 
many other conditions, the appearances on ultrasound are incon¬ 
stant, with variable changes in size and reflectivity as the disease 
progresses. One interesting feature of diabetic nephropathy is that 
the glomerular filtration rate increases during the initial stages and 
this is associated with a small but measurable increase in overall 
renal size. 65,66 This has been reported in both type 1 (insulin 
dependent) and type 2 (non-insulin dependent) diabetics. In the 
former, one study 67 reported that the increase in size was most 
marked in those patients with microalbuminuria with a mean 
standardised volume of 372 (±24) mL/1.73 m 2 , compared with 299 
(±49) mL in diabetics without albuminuria and 245 (±53) mL in 
normal controls. In type 2 diabetics another study 68 reported 
similar findings, with diabetic kidneys having a mean volume of 
314 mL (±73) compared with 228 mL (±59) in normal controls. As 
chronic changes supervene in diabetic kidneys, however, they 
decrease in size, although their reflectivity is usually unchanged or 
only slightly increased. 69 

Doppler studies show an increased RI in those patients with 
established nephropathy compared with those patients with normal 
renal function, or only mild nephropathy. In one study 70 the mean 
RI in patients with established nephropathy was 0.83 (±0.11), com¬ 
pared with values of less than 0.65 in patients with normal or mildly 
impaired renal function. 

Connective tissue disorders 


Connective tissue disorders such as systemic lupus erythematosus 
(SLE), systemic sclerosis and rheumatoid arthritis may affect the 
kidneys in a variety of ways, either directly or as a result of drug 
therapy. Vasculitis and glomerulonephritis can occur but the ultra¬ 
sound appearances are non-specific and no different from the spec¬ 
trum seen in other progressive renal parenchymal disorders with a 
variable increase in reflectivity and normal or decreased renal 
length. 71 Some reports 72 have suggested that lupus nephritis can be 
recognised by the presence of focal echo-poor areas in generally 
highly reflective parenchyma (Fig. 23.15) but this has not been con¬ 
firmed. 2,3,71 Amyloid may develop, especially in patients with rheu¬ 
matoid arthritis, but no distinguishing features are apparent to 
differentiate this from other causes of amyloid. 

Doppler studies in patients with SLE show an increase in the RI, 
which correlates with more chronic disease and a poorer outcome 
in terms of renal function. 73 

Sickle cell disease 


Patients with sickle cell disease may develop papillary necrosis (see 
above) but in addition other changes have been reported on ultra¬ 
sound in the kidneys of patients with both homozygous (SS) sickle 
cell disease, or sickle cell trait (SC). Increased reflectivity can be seen 
in up to a quarter of teenagers without symptoms of renal disease. 74 
This may be distributed focally in the renal medulla or diffusely 
throughout the parenchyma. The explanation for these changes 
have not been clarified but it has been suggested 74 that the focal 
medullary changes may be due to mild nephrocalcinosis or possibly 
iron deposition and the diffuse changes to interstitial and glomeru¬ 
lar changes that are found in sickle cell disease; however, further 
work is required. In another report from the same cohort of sub¬ 
jects, 75 the same group reported that the mean and height-adjusted 
renal length was greater in patients with the homozygous than with 
the heterozygous form of the disease, which in turn were greater 
than the measurements for normal controls. The changes in the 
renal microcirculation result in an increase in the vascular resist¬ 
ance, which is reflected in an increase in the resistance and pulsatil- 
ity indices, especially in patients with severe disease. 76 An increase 
in the resistive index has been reported as an early predictor of 
renovascular changes in sickle cell disease and can alert clinicians 
to the early stages of these changes. 77 Sickle cell disease is a rare 
cause of renal cortical calcification. 



Figure 23.15 Systemic lupus erythematosus. A kidney in a 
patient with lupus nephritis showing a generalised increase in 
cortical reflectivity but with an ill-defined region of reduced 
reflectivity centrally. 


Hepatorenal syndrome 


Renal dysfunction can occur in patients with established liver 
disease. Hepatorenal syndrome is the development of renal failure 
in patients with advanced chronic liver disease, or occasionally 
fulminant hepatitis. 78 One of the main features of this disorder is 
intense vasoconstriction of the renal vascular bed, which usually 
precedes any increase in serum creatinine or other clinical signs of 
renal dysfunction. This raised vascular resistance can be detected 
as an increase in the RI, 79 patients with a raised RI being more likely 
to develop renal dysfunction and hepatorenal failure. A raised renal 
RI prior to liver transplantation has been associated with a more 
protracted and difficult postoperative recovery. 80 However, normal 
function and resistance index often resume following successful 
liver transplantation. 78 


END-STAGE RENAL DISEASE, DIALYSIS 
AND ACQUIRED CYSTIC DISEASE 

Many diseases progress slowly to complete renal failure as neph¬ 
rons are destroyed and the kidney becomes unable to maintain 
adequate function. The kidneys are usually contracted (Fig. 23.16) 
but the appearances do not correlate with the underlying pathol¬ 
ogy, except in cases of adult polycystic disease. 

Small, contracted kidneys can be difficult to recognise on ultra¬ 
sound, particularly on the left side, as their reflectivity may be very 
similar to that of adjacent perirenal fat. Larger kidneys are less dif¬ 
ficult to locate. Sometimes the outline of a small kidney is only 
apparent from its pattern of movement during respiration. 

Acquired cystic disease of the kidney 


The native kidneys of patients with end-stage renal disease are not 
simply small, contracted, fibrotic lumps. In a significant proportion 
of patients (60%) proliferative changes lead to the development of 
small cysts and adenomas, 81,82 a condition called acquired cystic 
disease of the kidney (ACDK). These changes are usually seen in 
dialysis patients but they may be encountered occasionally in 
patients with severe renal impairment who have not yet reached 
dialysis. 82 Rarely malignant changes can occur and this should be 
suspected in any dialysis patient who develops loin pain or 
haematuria. 81 
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Figure 23.16 End-stage renal disease. A and B: Two examples of small contracted kidneys (6 cm) in patients with end-stage renal 
disease. 



Figure 23.17 Acquired cystic disease of the kidneys. A: Marked changes of acquired cystic disease of the kidney showing multiple 
echo-poor areas throughout. B: A different case with a solid lesion towards the lower pole anteriorly (arrow). 


The ultrasound appearances vary from a few echo-poor cyst-like 
areas to multiple, usually small, cysts. In severe cases the kidneys 
may be enlarged. Differentiation of small cysts from small adeno¬ 
mas may be difficult on ultrasound (Fig. 23.17) but this is probably 
not clinically significant in most cases as postmortem studies show 
a mixture of cystic and solid proliferative changes throughout the 
kidneys. 83 It is, however, important to identify larger or enlarging, 
solid lesions which may represent malignant neoplasms. 

The severity of the changes of ACDK is related to the duration 
of time on dialysis, either haemodialysis or continuous ambulatory 
peritoneal dialysis (CAPD). Associations with age, sex, type of 
disease and haematocrit have also been suggested but the evidence 
for these is still inconclusive. Long-term follow-up shows that the 
changes progress slowly and are more pronounced in men. 84 The 


changes tend to persist after transplantation 85 but a functioning 
transplant appears to protect against the development of these 
changes in patients without ACDK before operation and there is 
some evidence to suggest that they may even reverse in some cases 
following a successful transplant. 86,87 

Dialysis patients 


Patients in end-stage renal failure require dialysis to maintain meta¬ 
bolic stability. Two forms have been developed: haemodialysis 
(HD) and continuous ambulatory peritoneal dialysis (CAPD). 
Ultrasound can play a part in the assessment of complications 
arising in both groups of patients. 
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Figure 23.18 Excessive flow in a dialysis fistula. Calculating 
the area of the brachial artery and the time-averaged mean flow 
allows an estimate of the volume flow to be reached. In this case, 
flow is in excess of 7 Minin, which is well above normal values. 



Figure 23.19 Thrombosed dialysis fistula. Echogenic thrombus 
is visible within the venous side of the fistula. 


In haemodialysis patients, ultrasound can be used to assess the 
arteriovenous shunts used for dialysis and, using Doppler, an esti¬ 
mate of the flow rate can be made in the shunt itself, or in the artery 
above the shunt (Fig. 23.18). 88,89 Doppler can also be of value in the 
detection of stenoses or thromboses, especially if colour flow tech¬ 
niques are used (Fig. 23.19). 90 

The complications of continuous ambulatory peritoneal dialysis 
include localised collections in the anterior abdominal wall at the 
site of the catheter insertion. These can be assessed with ultrasound, 
as can intraperitoneal collections of localised fluid or abscesses. If 
necessary, ultrasound-guided aspiration can be performed for diag¬ 
nosis or treatment. Sclerosing peritonitis is a condition in which 
there is generalised thickening of the mesentery and omentum 
leading to loss of peritoneal permeability and the development of 
loculated collections. 91 Various causes for this have been suggested 
including acetates, chlorhexidine cleansing solutions, plasticisers 
from bags and tubing, or subclinical infections with bacteria or 
fungi. Since procedures for handling dialysis fluid have been 
altered to reduce exposure to these factors, the incidence of this 
condition has fallen, although it is still encountered occasionally. 
Ultrasound shows thickening of the omentum which surrounds 
loops of bowel and these may show evidence of a degree of obstruc¬ 
tion (see Chapter 19). 91,92 A thickened omental 'cake' may also be 
seen (Fig. 23.20). 


RENAL BIOPSY 


In many patients with impaired renal function the diagnosis of the 
cause may not be apparent from the history, examination and inves¬ 
tigations. In addition, the information that can be obtained from 
ultrasound examination, or indeed any other imaging technique, is 
limited and biopsy is often required to make the diagnosis and 
guide treatment options. This is the main indication for biopsy of 
native kidneys. The other main indication for renal biopsy is to 
carry out a targeted biopsy of a focal lesion to confirm or exclude 
a diagnosis of malignancy. Real-time ultrasound is the best guid¬ 
ance method for renal biopsy as it allows direct visualisation of the 
needle down to the kidney (Fig. 23.21). 93 A variety of sizes and types 
of cutting needle are available for renal biopsy. 94 



Figure 23.20 Sclerosing peritonitis. A band of thickened 
peritoneum (arrows) is seen lying anterior to the stomach (S) and 
pancreas (P) in a patient on peritoneal dialysis. 


The patient should be able to cooperate and obey instructions. Very 
nervous patients may require some sedation but this is not usually 
necessary. Blood pressure should be controlled and less than 
140/90 mmHg as the risks of bleeding are increased above this 
level. Clotting parameters should be checked. Platelets should be 
>80000/mL but biopsy may be clinically justified in urgent cases 


Indications and contraindications 
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Figure 23.21 Visualisation of biopsy needle. A: The end of the needle is seen adjacent to the renal parenchyma at the lower pole. 
B: Following activation of the needle, this is now seen within the cortex of the lower pole. 


with platelets between 40000 and 80000/mL. Below 40000/mL a 
platelet transfusion should be instituted to cover the biopsy. The 
PTR should be <1.2 but urgent biopsy with a PTR <1.4 may be justi¬ 
fied. A PTR >1.4 should be treated with appropriate blood products 
prior to or during biopsy. 

After appropriate informed consent has been obtained, the 
kidneys are scanned with the patient supine to assess overall shape 
and size, as well as to exclude obstruction as a potential cause of 
the impaired renal function. If the kidneys are significantly reduced 
in length (<9 cm) with thinned parenchyma (<15 mm) it is generally 
considered that there is irreversible disease and the amount of 
useful tissue retrieved at biopsy may not be adequate for accurate 
diagnosis. However, this is not always the case and some patients 
with parenchymal thickness <15 mm may still have potential for 
improvement with appropriate treatment. 4 A further potential 
problem with thinned parenchyma is that the biopsy needle is more 
likely to impinge on the larger blood vessels in the renal sinus, 
which will increase the risk of post-biopsy haemorrhage. 

Technique 


For biopsy of the native kidneys, the patient is best positioned 
prone with a pillow under the stomach to compress the kidneys 
posteriorly. If the patient is unable to lie prone, then a semi¬ 
decubitus position can be used. In patients with haematuria loin 
pain syndrome it has been suggested that biopsy of the more symp¬ 
tomatic side may be of value; patients with a focal lesion will also 
have the side for biopsy predetermined. Otherwise, the kidney to 
be identified is chosen as the one that is easier to biopsy safely, as 
whatever process is present will affect both kidneys. Usually, the 
left kidney is preferred, as it is more easily seen below the twelfth 
rib and is normally the one nearer the operator. The aim of the 
exercise is to target the lower pole of the kidney, so that the larger 
vessels in the renal sinus are less likely to be punctured. 

After appropriate skin cleansing, local anaesthetic is instilled into 
the skin and subcutaneous tissues. The amount required will vary 
from patient to patient; in sensitive patients use of a spinal needle 
under direct ultrasound control to infiltrate anaesthetic down to the 
renal capsule may be required; in other patients, anaesthetising the 
skin and subcutaneous tissues may be all that is required. 


Biopsy is undertaken using a spring-loaded cutting needle. In our 
experience an 18-gauge needle retrieves adequate samples for diag¬ 
nosis in the majority of cases 95 but a 16-gauge needle may also be 
used without increasing significantly the risk of post-procedural 
haemorrhage. The needle is inserted under direct ultrasound 
control to just above the lower pole of the kidney. The patient can 
be asked to vary the depth of respiration to place the kidney in the 
appropriate location and then asked to hold their breath. The needle 
is then advanced until the tip is seen to impinge on the capsule and 
the kidney to move slightly in response to gentle pressure from the 
needle (Fig. 23.21). The biopsy device is then activated and the 
needle withdrawn. Care must be taken when the needle tip is close 
to the capsule to ensure that it does not lacerate the kidney as the 
kidney moves with respiration. 

In normal circumstances, two satisfactory cores of tissue are suf¬ 
ficient, although more may sometimes be required for specific his¬ 
tological techniques. Our practice is to put the first core into 
formaldehyde for standard fixing and staining procedures. For the 
second core, 2-3 mm of tissue from the cortical (outer) end of the 
sample are removed and put into glutaraldehyde for electron 
microscopy and the remainder is put onto filter paper in a container 
with a small amount of isotonic solution to be kept fresh for immun¬ 
ofluorescence studies, or frozen section. 

Following the procedure the patient is returned to the ward and 
asked to lie quietly in bed for 4-6 hours with half-hourly pulse and 
blood pressure checks. If all is satisfactory, then the patient can 
resume normal activity, or go home, if the biopsy is being per¬ 
formed as a day case procedure. 

Complications 


Complications following renal biopsy are usually mild and self- 
limiting. Pain or discomfort at the site of biopsy may occur when 
the anaesthetic wears off but can usually be treated with oral anal¬ 
gesia. More severe pain may be associated with bleeding and hae- 
matoma formation. 

Post-biopsy haemorrhage may result in mild haematuria, or a 
small perirenal haematoma; these bleeds are usually self-limiting 
but, rarely, more severe haemorrhage may require angiography 
and embolisation. Haemorrhage can also occur if an intercostal 
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Figure 23.22 Post-biopsy haematomas. A: A small haematoma at the lower pole following renal biopsy (arrows). B: A larger 
haematoma, which was associated with significant haematuria and clot retention (arrows). 


Complications from renal biopsy 

Discomfort/pain: usually self-limiting and treated with oral analgesia. 

Perirenal haematoma: can be seen in many patients if looked for 
with CT. Significant haematoma (>2 cm) seen in 2%. 

Haematuria: macroscopic haematuria seen in 3-5%, usually 
self-limiting. 

Clot retention/ureteric obstruction: rare. 

Arteriovenous fistula formation: occurs in up to 10% of biopsies but 
most are clinically insignificant; approximatelyl % require 
intervention. 

Puncture of adjacent organ: rare. 


vessel is damaged; this is more likely if an intercostal or subcostal 
approach is used with the patient in a non-supine position. Perire¬ 
nal haematomas can be demonstrated in many patients following 
biopsy (Fig. 23.22), if these are looked for with ultrasound or CT 
scanning; one study reported evidence of post-biopsy haemorrhage 
on CT in 90% of renal biopsies. 96 However, the vast majority of these 
are not of clinical significance. Haematuria may result in ureteric 
obstruction from blood clot, or in severe cases, clot retention of the 
bladder. 

Similarly, arteriovenous fistulae can be demonstrated in up to 
10% of renal biopsies if they are looked for using colour Doppler 
ultrasound shortly after biopsy (Fig. 23.23), 96 ' 97 but most of these 
will not be clinically relevant and will reduce or close off spontane¬ 
ously. Should a fistula that is associated with significant haematuria 
persist, then arteriography and embolisation can be used to rectify 
the situation. 

Puncture of adjacent structures and organs is more likely with 
the patient in a non-standard position for biopsy, when access and 
visualisation of the kidney, needle and adjacent structures may be 



Figure 23.23 Post-biopsy arteriovenous fistula. Abnormal flow 
on colour Doppler at the lower pole of a native kidney following 
biopsy. Note the high colour scale of 69 cm/s and the dilated 
calyces as a result of clot retention. 


suboptimal. The spleen, colon, pleura and lung are all potential sites 
of inadvertent puncture if due care is not taken during the 
procedure. 


The same general principles hold for biopsy of a renal transplant. 
Assuming that there are no contraindications to biopsy, the site 


Renal transplant biopsy 
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selected for biopsy is usually the more accessible pole of the kidney 
This will depend to some extent on the location and orientation of 
the transplant. If possible, it is better not to traverse the peritoneal 
cavity, which may come down over part of the kidney Suitable 
access may be achieved with an approach below the incision in a 
fairly horizontal plane, rather than a vertical approach through the 
lower abdominal wall. Depending on the position chosen it is worth 
using colour Doppler to identify the inferior epigastric artery, if 
there is a possibility that this may lie in the region of the needle track. 

Either 18-gauge or 16-gauge needles can be used and two cores 
should be obtained. In cases of recent transplantation, where the 
main diagnostic dilemma is distinction between rejection and acute 
tubular necrosis, it is not necessary to provide a specimen for elec¬ 
tron microscopy. However, in cases of renal transplant dysfunction 
occurring months or years after transplantation, it is useful to 
include a specimen for electron microscopy, as one of the causes for 
the deterioration of function in the transplant may be return of the 
original disease process that caused renal failure in the first place. 

Transplants that have been in place for several years may develop 
a chronic graft versus host reaction around them. This is not usually 
of clinical significance but the dense fibrotic shell that may form 
around the kidney in these circumstances can be difficult to pierce 
with the biopsy needle unless firm pressure is applied to ensure 
that the needle goes forward into the kidney when activated and 
that it does not simply bounce back and recoil from the kidney. 
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INTRODUCTION 


The kidneys can be infected by a variety of organisms which enter 
from the bloodstream or, more commonly, ascend from the lower 
urinary tract. The most frequent form of infection is acute pyelone¬ 
phritis, which most commonly affects women between the ages of 
15 and 40 years. Most of these cases respond to antibiotics and do 
not require imaging or further investigation. Imaging is required 
for renal infections occurring in children, adult males, or females 
with recurrent infections. The aim of imaging is to identify any 
underlying structural abnormality which may predispose to infec¬ 
tion, or to assess the state of the kidneys in cases of severe infection. 
Several factors other than anatomical abnormalities may predispose 
to renal infections. These include: obstruction, reflux, calculi, dia¬ 
betes, immunosuppression, neuropathic bladder and urinary tract 
instrumentation or catheterisation. Organisms enter the renal 
parenchyma through the collecting tubules and initially affect the 
relevant lobe before spreading to the rest of the parenchyma. Hae- 
matogenous infection may occur from remote foci of infection such 
as skin or dental sepsis, osteomyelitis, pulmonary tuberculosis; 
intravenous drug abusers are more at risk from all forms of haema- 
togenous spread. In haematogenous infection the infective foci 
develop within the renal parenchyma and often have a non-lobar 
distribution. 1,2 

Renal infection may predominantly affect the collecting system, 
the parenchyma, or both. Parenchymal involvement can be focal or 
diffuse. This has led to a multiplicity of terms that describe the 
abnormalities and significant confusion as to their meaning. One 
review article 1 lists 16 different terms that have been used to 
describe stages in the spectrum between acute pyelonephritis and 
renal abscess. The following sections describe the main stages in 
this spectrum and the findings that are seen on ultrasound. 


ACUTE BACTERIAL PYELONEPHRITJS 

The majority of bacterial infections of the renal parenchyma and 
collecting system respond rapidly to antibiotics and there are no 
significant sequelae. In more severe cases, the infection produces 
more marked inflammatory damage in the renal parenchyma 
which may be focal or diffuse; focal changes may also result from 
variable clearing of diffuse disease. When the renal parenchyma 
is severely affected, the condition is sometimes called acute 
bacterial nephritis; this is often associated with diabetics or 
immunosuppression. 3 

In some patients, often those with diabetes or with an obstructed 
collecting system, the bacterial flora are mixed and produce gas 
(emphysematous pyelonephritis). This type of infection produces a 
severe, diffuse necrotising inflammation, which has a mortality 
of up to 30%. 2,4 Pockets of gas are seen within the collecting 
system and parenchyma, often in a subcapsular distribution and 
sometimes in the perinephric tissues. If the gas is confined to the 
collecting system the condition is known as emphysematous 
pyelitis. 

In patients with simple acute pyelonephritis, ultrasound is not 
normally indicated but, if it is performed, the kidneys usually 
appear normal or may be slightly swollen with reduced cortical 
reflectivity and loss of corticomedullary differentiation (Fig. 24.1). 5 
In more severe cases the swelling and oedema are more marked 
with compression of the sinus echoes and there may be acoustic 
enhancement distal to the kidney. These changes can be diffuse or 
patchily distributed throughout the kidney. In some cases areas of 
increased reflectivity may be seen, which are thought to correspond 
to regions of haemorrhagic necrosis. 6 Thickening of the walls of the 
collecting system has been reported but this is a non-specific finding 
that has been described in other conditions, such as pyonephrosis 
and fungal infections. 7 Doppler ultrasound might be expected to 
show hyperaemia in acute pyelonephritis but flow is often segmen- 
tally reduced as a result of the oedema and raised intracapsular 
pressure; hyperaemia may be seen around areas of focal inflamma¬ 
tion. In emphysematous pyelonephritis gas is seen as focal areas of 
increased reflectivity with 'dirty' distal acoustic shadowing, in con¬ 
trast to calculi which tend to cast 'clean' shadows. Following resolu¬ 
tion of the infection, there are normally no residual changes visible 
on ultrasound but following severe focal inflammation, cortical 
scarring may develop. 8 


LOBAR NEPHRONIA 


In the spectrum between diffuse infection and the development of 
a frank abscess, there is a stage where there is acute focal pyelone¬ 
phritis with progressive, severe, focal inflammation but in which 
necrosis and pus formation have not yet occurred. This is known as 
lobar nephronia, or a pre-abscess state. 1 These changes may resolve 
with treatment over a period of several weeks (Fig. 24.2A and B), 
or progress to frank abscess formation. 










Lobar nephronia 



Figure 24.1 Acute pyelonephritis. Ultrasound of the kidney shows 
some reduction in parenchymal reflectivity but no other significant 
changes. 



Figure 24.2 Lobar nephronia. A: A focal area of reduced 
echogenicity (arrows) at the upper pole of the right kidney in a 
patient with pyelonephritis. B: The same region 6 weeks later 
showing complete resolution. C: A second case showing focal 
increased echogenicity at the upper pole of the right kidney 
(arrows) in another patient with acute pyelonephritis. 
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Ultrasonic features of renal bacterial infections 

In most cases ultrasound is not indicated. 

In most cases ultrasound will not show any significant changes. 
Ultrasound is indicated for renal infections in children, adult males, or 
females with recurrent infections. 

Lobar nephronia: focal inflammation in the renal parenchyma. 
Abscess: collection of pus and necrotic material within the renal 
parenchyma. 

Pyonephrosis: infected, obstructed collecting system. 


On ultrasound there is a focal area of reduced reflectivity, which 
may show some mass effect 9 but does not characteristically show 
increased sound transmission, in contradistinction to an abscess; it 
may, however, be difficult to distinguish a region of lobar nephro¬ 
nia from an abscess, or alternatively, an area of simple focal inflam¬ 
mation. 1 Other workers have suggested that focal areas of increased 
echogenicity (Fig. 24.2C) are more common 10 and this finding may 
also be seen if haemorrhage has occurred into the inflammatory 
mass, when patchy areas of increased reflectivity will be seen 
within it. 6 


RENAL AND PERIRENAL ABSCESSES 

Intrarenal abscesses may develop in kidneys with severe infections 
that have not been treated with antibiotics, or which have been 
treated inadequately; they may also be the result of haematogenous 
spread from distant sites of sepsis. 5 They may be single or multiple; 
smaller abscesses may coalesce into a single cavity. 11 Small intrare¬ 
nal abscesses resolve with appropriate antibiotic therapy but larger 
collections require percutaneous drainage (see Chapter 43). A pre¬ 
existing simple renal cyst may become infected in renal sepsis 
and may be indistinguishable from an abscess. Sometimes 
an intrarenal infection will extend through the capsule and spread 
to the perirenal space; perirenal abscesses may also result from 
extrarenal infection such as in Crohn's disease. Alternatively an 
intrarenal abscess may extend into the collecting system, producing 
a pyonephrosis. 

Ultrasonically an abscess appears as a focal area of reduced or 
absent reflectivity (Fig. 24.3), or occasionally of increased reflectiv¬ 
ity if there is gas within the collection. Increased sound transmis¬ 
sion is usually apparent and layering or movement of debris within 
the cavity may be seen. The cavity itself may be unilocular or mul- 
tilocular. 3 The wall can be difficult to discern but may be seen to be 
thickened and irregular, making distinction from a cystic neoplasm 
difficult. Small abscesses may be difficult to detect in a kidney 
showing changes of diffuse inflammation. Perinephric collections 
are seen as areas of fluid and debris in the retroperitoneum around 
the kidney. 

Infected cysts tend to have smoother walls and tend to show 
greater sound transmission than an abscess 3 but distinction may be 
impossible. Conversely, haemorrhage into a cyst produces internal 
echoes suggestive of an abscess; if there is any doubt then diagnos¬ 
tic aspiration should be considered. MRI may also be of value in 
distinguishing haemorrhage from infection, particularly in patients 
with autosomal dominant polycystic kidney disease (ADPKD). 


PYONEPHROSIS 


Pyonephrosis develops in cases of hydronephrosis when the stag¬ 
nant urine becomes infected from renal sepsis, associated calculi, 
instrumentation or haematogenous spread. In pyonephrosis the 



Figure 24.3 Renal abscess. A focal area of reduced attenuation 
in the parenchyma of the kidney (arrows); a slightly irregular 
posterior wall is apparent, together with low level echoes within the 
lesion. 


collecting system is usually markedly dilated but occasionally this 
may not be the case; thickening of the walls and contraction may 
be seen. Low-level echoes from the pus and debris within the 
infected collecting system can be seen but it may be necessary to 
turn up the gain to appreciate this feature (Fig. 24.4). An associated 
calculus or staghorn may be apparent but it should be remembered 
that a large staghorn may obscure a dilated collecting system, 
leading to a false negative examination. Gas may be present in the 
collecting system, and this confirms the diagnosis (in the absence 
of recent instrumentation) but it may be confused with calculi 
and not recognised. Layering or movement of debris within the 
collecting system is a characteristic feature 1 but up to 40% of 
pyonephroses may not show debris and may be mistaken for 
simple hydronephrosis. 12,13 Conversely, haemorrhage into a sterile 
hydronephrosis produces echoes within the collecting system 
leading to a false positive diagnosis. 13 It is therefore imperative that 
diagnostic aspiration is carried out in any case where there is doubt 
concerning the presence or absence of pyonephrosis because urgent 
nephrostomy is required to preserve any residual function and 
reduce the chance of fatal septicaemia. 


CHRONIC PYELONEPHRITIS 


Acute bacterial pyelonephritis does not usually result in long-term 
chronic infection and renal parenchymal damage in adults. Most 
cases of chronic pyelonephritis develop in childhood as a result of 
reflux and the associated recurrent infections. 1 These episodes 
damage the developing renal tissues in the young kidney, produc¬ 
ing a typical appearance of a cortical scar overlying a dilated calyx 
(Fig. 24.5). Hypertrophy of normal adjacent renal tissue may 
emphasise the scar. In addition, focal areas of increased reflectivity 
may be seen scattered in the parenchyma, representing areas of 
fibrosis. 1 However, DMSA scintigraphy is more sensitive than ultra¬ 
sound for these problems. Severe cases result in marked renal 
atrophy and scarring, with calyceal clubbing, thickening and dilata¬ 
tion of the collecting system. 2 










Other infections 



Figure 24.4 Pyonephrosis. A: An obstructed kidney with superimposed pyonephrosis. Low-level echoes from debris are visible in 
the dilated collecting system. B: A chronically obstructed pyonephrosis with marked parenchymal loss and significant debris within 
the collecting system. 


XANTHOGRANULOMATOUS 

PYELONEPHRITIS 


This is a rare chronic inflammatory condition which may develop 
in cases of chronic obstruction of a calyx, the renal pelvis or a ureter. 
It is believed to result from an atypical, incomplete immune 
response to acute bacterial infection. 2 Chronic inflammatory change 
extends through the transitional epithelium of the obstructed 
segment resulting in destruction, cavitation, chronic abscess forma¬ 
tion and fibrosis. 1 The affected kidney, or renal segment, is destroyed 
and replaced by chronic granulomatous inflammatory tissue con¬ 
taining lipid-laden macrophages (xanthoma cells). 

Ultrasound shows a mass in the renal fossa but the normal renal 
architecture cannot be distinguished, although the overall shape of 
a kidney is often preserved (Fig. 24.6). 14,15 Multiple areas of decreased 
reflectivity, representing dilated calyces and abscess cavities, may 
be visible but echogenic material within these spaces may be indis¬ 
tinguishable from the granulomatous tissues. Associated calculi, 
including staghorn calculi, may also be apparent but often they are 
difficult to see clearly; the renal pelvis is characteristically fibrotic 
and contracted rather than dilated. In cases of focal involvement 
the affected region is seen as an area of reduced reflectivity and may 
be difficult to distinguish from a tumour. The perirenal space may 
also be involved in the chronic inflammatory process. 16 


MALACOPLAKIA 


Malacoplakia is another rare inflammatory response to chronic 
infection in which there is impaired histiocyte response to ingested 
bacteria. 2,5 It is more common in females and those who are immu¬ 
nocompromised in some way. It most frequently affects the bladder 
but any urothelial lining can be affected, including the ureter and 
renal pelvis. 


Ultrasound typically shows a poorly defined hypoechoic 
mass, which can mimic a tumour, or diffuse enlargement of the 
affected kidney with distortion of the central echo complex. Bladder 
lesions may result in ureteric obstruction without direct renal 
involvement. 


OTHER INFECTIONS 


Tuberculosis 


Tuberculosis of the renal tract is usually due to haematogenous 
spread of tubercle bacilli from the lungs, although often it does not 
manifest itself for 10-20 years after the primary infection 1 and less 
than 50% of patients in whom urinary tuberculosis is ultimately 
diagnosed have abnormal results on chest radiography. 2 The infec¬ 
tion affects the kidney in two ways: parenchymal infection results 
in abscess cavities, granulation and calcification, and these changes 
may be focal or generalised throughout the kidney; secondly, the 
infection also affects the ureters and collecting system, producing 
strictures and dilatation of calyces or the collecting system and 
ureter. 

The changes on ultrasound 17 reflect these patterns of involve¬ 
ment. The kidney may show focal or diffuse disorganisation of 
architecture, with areas of reduced reflectivity corresponding 
to abscesses and debris-filled cavities; focal areas of increased 
reflectivity from areas of calcification may also be apparent. 
Parenchymal masses, cavities and mucosal thickening can also be 
distinguished with modern equipment. 18 In addition, strictures in 
the ureter or parts of the collecting system result in a generalised 
or focal dilatation; however, the process results in fibrosis and 
contraction so that an affected renal pelvis may not be visible if it 
is contracted. 1 In advanced cases a small, calcified kidney is seen 
(autonephrectomy) (Fig. 24.7). Ultrasound-guided fine-needle 
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Figure 24.5 Renal scarring. A, B and C: Three examples of renal 
scarring (arrows). 


aspiration for cytology and bacteriology is reported to be of value 
in the diagnosis of renal tuberculosis in cases with persistently 
negative urine culture. 19 


Fungal infections 


A variety of fungi can affect the kidneys, usually in patients 
with predisposing factors such as immunosuppression, diabetes 
or cachexia, or in premature infants. The most common fungal 
agent is Candida and the infection may involve the whole 
kidney or affect mainly the papillae and medulla. A fungal mass 
(mycetoma) may be seen in a dilated calyx or collecting system and 
these may result in ureteric obstruction if they pass distally into the 
ureter. 20 


Parasites 

Hydatid disease 

Echinococcal involvement of the kidney is rare and is usually asso¬ 
ciated with hydatid disease elsewhere. The appearances on ultra¬ 
sound 21,22 are similar to those seen in hepatic hydatid disease with 
a thick-walled cyst, which often contains daughter cysts; a detached 
internal membrane, hydatid 'sand' and wall calcification may also 
be seen (see Chapter 9). 

Schistosomiasis 

Schistosoma haematobium congregates in the venous plexi around the 
bladder and ureters. There is a significant inflammatory response 
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Figure 24.6 Xanthogranulomatous pyelonephritis. A: An enlarged kidney (thin arrows) with loss of normal architecture and multiple 
cystic areas around a dilated collecting system. B: A different patient with loss of architecture, thickening of the collecting system walls 
(arrows) with a calculus (*) and debris in the collecting system. 



Figure 24.7 Tuberculous autonephrectomy. A small, densely 
calcified kidney in the right renal fossa. 


to the eggs produced by the adult worms, which results in chronic 
inflammation and fibrosis. This results in ureteric and vesical fibro¬ 
sis, which in turn, produce dilatation and obstructive changes in 
the kidneys. 

HIV-associated nephropathy 


The main renal complication in patients with human immunodefi¬ 
ciency virus infection is HIV-associated nephropathy, 23 which can 
result directly from infection of renal tissue by the HIV virus, or 


secondarily from the effects of drugs used in antiviral therapy. In 
addition to proteinuria, these patients also have signs of impairment 
of renal function and may develop acute renal failure. Biopsy shows 
focal segmental glomerulosclerosis, focal glomerulonephritis and 
interstitial inflammatory change. 24,25 Tubular abnormalities have 
also been reported with irregular areas of dilatation and occasional 
small cystic spaces in both the cortex and medulla 26 on histology. 

The ultrasound appearances reflect these changes: the kidneys 
may be of normal size, or enlarged; a non-specific increase in corti¬ 
cal reflectivity has been reported in up to 60% of AIDS patients with 
impaired renal function 27 and whilst increased echogenicity is asso¬ 
ciated with nephropathy, normal parenchymal echogenicity sug¬ 
gests a low likelihood of nephropathy. 28 An unusual pattern of focal 
calcification may be seen in the cortex and medulla, which may be 
dense and punctate or less dense and more diffuse; these lesions 
have been reported in patients with infection by Mycobacterium 
avium intracellulare, Pneumocystis carinii or histoplasmosis. 29,30 

AIDS patients are also more likely to suffer from renal infections, 
both bacterial and fungal. Treatment of toxoplasmosis involves the 
use of sulphadiazine, which may result in crystalluria and renal 
failure in which echogenic material may be seen in the renal paren¬ 
chyma and collecting system; obstruction may also result from the 
urinary deposits. 31 They have an increased risk of developing non- 
Hodgkin's lymphoma, which has a predilection for extranodal sites 
such as the kidney, and Kaposi's sarcoma, which tends to affect the 
lower urinary tract rather than the kidney itself. 31 


Other renal infections 

Tuberculosis: parenchymal and urothelial effects. 

Fungal: more common in diabetes and other immunocompromised 
states. 

Parasitic: Hydatid and Schistosoma haematobium are the most 
frequent parasites affecting the kidneys. 

Viral: HIV nephritis as well as changes resulting from chemotherapy 
and secondary infections. 
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INTRODUCTION 


Diagnostic ultrasound with Doppler studies is a powerful tool in 
the investigation of vascular disorders of the kidney. It is non- 
invasive, involves no radiation and, in most cases, does not require 
a contrast agent. 

The most common renovascular disorder that results in an ultra¬ 
sound Doppler study is suspected renal artery stenosis in severely 
hypertensive patients. In these patients Doppler ultrasound is one 
of several diagnostic tests that may be used. It has strengths and 
weaknesses. These will be discussed. 

Less common renal vascular disorders are arteriovenous fistulae, 
vascular malformations, aneurysms, renal artery occlusion result¬ 
ing in total renal or segmental infarction and renal vein thrombosis. 
Doppler ultrasound studies are very useful in all of these conditions. 


The small vessels of the kidney are affected in several diseases, 
the most common being diabetic nephropathy. The small vessels 
are affected in almost any chronic and most acute diseases that 
affect renal function. Doppler studies may be useful in some cases, 
an example being the distinction of acute tubular necrosis from 
pre-renal failure. 

Ultrasound contrast agents are a method of studying perfusion 
dynamics in tissues. Their use in renal pathology has yet to be fully 
evaluated, but they do show promise in the study of both the native 
and the transplant kidney. 

Doppler studies are commonly used in the transplant kidney. In 
this chapter the transplant kidney is discussed where the same 
pathology affects both the native and transplant kidney: renal 
artery stenosis, arteriovenous fistula, acute tubular necrosis. 
Although this causes some overlap with the chapter on the trans¬ 
plant kidney, this is necessary for a complete discussion. The use 
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of Doppler studies in transplant rejection is not discussed in this 
chapter. 


RELEVANT VASCULAR ANATOMY 


The renal arteries normally arise from the aorta about 1.5 cm below 
the origin of the superior mesenteric artery The renal artery origins 
may leave the aorta at a near right angle, or may have a shallower 
angle. They usually run in a lateral direction although the right 
renal artery origin often leaves the aorta anterolaterally and then 
curves downwards and backwards. 


The right renal artery passes behind the inferior vena cava, then 
roughly posterior to the renal vein to the renal hilum. The left renal 
artery runs more directly behind the left renal vein (though not 
always directly behind) to the left renal hilum (Fig. 25.1). 

Accessory renal arteries are common. It has been estimated that 
22% of patients have more than one artery on one or both sides, 
and 2% have three or more accessory arteries (most accessory arter¬ 
ies are missed on ultrasound Doppler studies). Accessory renal 
arteries usually arise from the aorta separately from the main trunk 
(Fig. 25.2). They occasionally arise from the common iliac artery, 
the superior mesenteric, inferior mesenteric, adrenal or right hepatic 
arteries. They enter the kidney towards the poles rather than at the 
hila. Most enter the lower pole. 



-Coeliac axis 

Superior mesenteric 
artery 

Left renal artery 
Left renal vein 


Inferior vena cava 


Aorta 


Right renal artery 


Right renal vein 




Figure 25.1 The main renal arteries. A: An anatomical diagram. B, C: axial plane scans. B: The right renal artery is seen passing 
posterior to the vena cava. The right-hand image shows a lateral origin and in the case shown on the left, the right renal artery leaves the 
aorta in an anterolateral direction. C: The left renal artery runs posterior to the renal vein. 
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Renal Doppler studies - the normal pattern 



Figure 25.2 Accessory renal arteries. The right-hand image is a 
sagittal view through the inferior vena cava. It shows two right renal 
arteries (arrows). This is often a good view for detecting accessory 
right renal arteries but only works in slim patients. In the left-hand 
image, the two renal arteries are seen in an oblique longitudinal 
scan of the aorta. 


The renal arteries divide into a variable number of branches 
usually at or just before the renal hila, although 15% of renal arteries 
divide early. The branches form two groups that supply the anterior 
and posterior parts of the kidney respectively These enter the kidney, 
where they are termed segmental arteries. The segmental arteries 
divide into the interlobar arteries which run between the pyramids 
into the cortex, where they branch into arcuate arteries which form 
arcades around the corticomedullary junction. The arcuate arteries 
then give off many cortical arteries that run radially into the cortex. 
These give off the afferent glomerular arteries (Fig. 25.3). 

About 90% of the renal blood flow supplies the renal cortex; only 
10% the medullary pyramids. This fact is relatively unimportant in 
Doppler studies, but is important in the understanding of contrast- 
enhanced studies (Fig. 25.4). 

The right renal vein runs anterior to the artery to enter the vena 
cava. The left renal vein also runs anterior to the artery. It usually 
runs more truly parallel to the artery than the right (Fig. 25.1), 
although it often 'wanders' slightly. It usually runs between the 
aorta and the superior mesenteric artery. Occasionally it runs posterior 
to the aorta (retro-aortic), and occasionally it divides into two branches 
that run anterior and posterior to the aorta (circumaortic). 


RENAL DOPPLER STUDIES - 
THE NORMAL PATTERN 


In order to understand the changes that occur in renal pathology, 
it is necessary to first understand the pattern in the normal kidney. 
There follows a brief description. 

The colour flow map 


The colour flow Doppler map reveals the arterial and venous 
anatomy of the main renal arteries and veins and the intrarenal 
arteries and veins. In slim patients, children and transplanted 
kidneys, the intrarenal arteries may be seen down to the level of 
small cortical arteries. In larger patients only the more central 
vessels are seen (Fig. 25.3A). 

The spectral (pulsed wave) arterial pattern 


Arterial waveforms anywhere in the body may be divided into two 
broad types, high resistance (or triphasic) and low resistance (or 




- Cortical arteries 
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Figure 25.3 The renal arteries are seen dividing into the 
smaller intrarenal branches. A: Colour Doppler. B: Line diagram. 


biphasic). As the kidneys are normally always active, they have low 
arteriolar resistance. The normal renal artery waveform therefore 
has a low resistance or biphasic waveform (Fig. 25.5). 

The important aspects of the waveform are: 

1. The rapid rise from the beginning to the end of systole. The 
beginning of systole is found by extrapolating the systolic 
curve back to the baseline. The end of systole is marked by a 
brief reduction in velocity which causes a small spike 
followed by a notch. These are termed the first systolic peak 
and the systolic notch. The systolic notch is caused by closure 
of the aortic valve. It is sometimes clearly visible, sometimes 
difficult to see. The line of the maximum velocity envelope 
that joins the beginning of systole to the first peak is called 
the systolic rise curve (the normal 'curve' is usually nearly a 
straight line). The time from the beginning to the end of the 
systolic curve and the slope of the curve may be measured. 
The systolic curve is important in the diagnosis of arterial 
stenosis and this is discussed later. 
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Figure 25.4 Contrast-enhanced ultrasound study (CEUS) of 
a normal kidney. Right: At 15 seconds following intravenous 
injection of contrast the cortex is well perfused (white). As the renal 
pyramids receive only 10% of the renal blood flow, at this stage 
there is less contrast in them and they appear relatively dark. Left: 
At 25 seconds sufficient contrast has accumulated in the renal 
pyramids to make them an equal contrast density to the cortex. 


2. In the main renal trunk and its major branches, the systolic 
peak may be rounded or pointed. The peak velocity is about 
1.5 metres per second, varying between 1.0 and 2.0 metres per 
second. As the intrarenal arteries branch into ever smaller 
arteries, the systolic peak becomes more rounded and the 
peak velocity becomes lower. 

3. From the systolic peak there is a gentle curve to the end of 
diastole, and then the next systolic rise. The velocity at the 
end of diastole is between 0.4 and 0.3 of the peak systolic 
velocity. This may be quantified by several ratios, the most 
common being the resistance index (RI). The difference 
between the systolic and diastolic velocities decreases a little 
(the RI increases) in the smaller arteries towards the periphery 
of the kidney. 

As the arteries branch towards the periphery of the kidney, their 
velocities decrease and the Doppler trace becomes lower. In per¬ 
fectly healthy kidneys, the shape of the waveform is maintained. In 
many older patients and in patients with small vessel disease the 
waveform becomes progressively damped. This phenomenon is 
present in many older patients, including those with apparently 
normal renal function. It may well, however, be due to subclinical 
vascular disease. 

The flow pattern in the renal veins is unremarkable. It varies from 
continuous to weakly pulsatile flow. 


THE TECHNIQUE OF RENAL 
DOPPLER STUDIES 




b 



Figure 25.5 Normal renal artery waveform. The important 
features of the renal artery waveform are shown. A: Doppler 
ultrasound image. B: The systolic spike may be lower than the 
systolic peak as in the upper diagram, or higher as in the lower 
diagram, a is the systolic rise time (acceleration time); b-b is the 
systolic rise curve or upstroke (acceleration index). 


Study of the intrarenal vessels 


Study of the intrarenal vessels is relatively straightforward. It is 
important, however, to achieve an appropriate scan angle. The 
best scan plane extends from the renal periphery towards the 
hilum. In this plane most of the vessels run more or less towards 
the transducer. This ensures that most of the vessels have a long 
length visible in the scan plane. Also the Doppler angle is good. 
In order to achieve this plane the patient needs to lie in a supine 
oblique position. The kidneys are scanned from an oblique poste¬ 
rior approach. The longitudinal plane is usually used, though a 
transverse plane is also suitable. In the longitudinal plane the 
blood vessels in the upper and lower poles of the kidney lie at a 
disadvantageous angle for Doppler study. This may give the 
false impression of hypovascularity at the poles. This may be par¬ 
tially rectified by changing the angle of the transducer. 

A standard general abdominal transducer is used, generally a 
curved array transducer imaging at about 3-5 MHz. Such a trans¬ 
ducer would normally use 2-3 MHz for the Doppler image. Doppler 
settings should be appropriate. Power Doppler is more sensitive 
and is not angle dependent. In practice, however, the colour 
Doppler on most machines is so good that power Doppler is not 
necessary. Which is used depends on individual preference based 
on which ultrasound system is used. 

As more peripheral arteries are studied, their normal velocity 
measurements drop. Also as the angle between the ultrasound 
beam and the artery becomes greater, as would be predicted by the 
Doppler equation, the height of the spectral graph decreases. This 
often gives a false impression of damping. A poor Doppler angle 
in a peripheral vessel may therefore mimic a damped waveform. 
Also in many elderly patients and patients with small vessel 
disease, there may be true damping in the peripheral arteries. This 
may lead to a false diagnosis of renal artery stenosis. Care should 
be taken to study the larger segmental or interlobar arteries, and to 
achieve a good angle (less than 60°). The larger intrarenal veins 
often have weakly pulsatile waveforms that may mimic a damped 
arterial waveform. It is often not easy, given the number and 


















complexity of intrarenal vessels, to be sure of these factors. It is 
necessary therefore to study at least three arteries to be sure of the 
waveform. 


The technique of renal Doppler studies 


Study of the main renal trunks 


The main renal artery trunks are seen on an oblique scan plane 
through the kidney with the beam angled towards the renal hilum 
(Fig. 25.6). Sometimes a plane transverse to the length of the kidney 
works best, sometimes a plane along the length of the kidney works 
better. Often in these planes the whole of the renal artery may be 
seen from the hilum to the aorta but sometimes only the distal 
portion is visualised. If this is the case, then the patient is asked to 
lie supine and the aorta is scanned. The position of the superior 
mesenteric artery origin is found on the sagittal scan. Axial views 
are then obtained and the scan plane is moved slowly caudad until 
the renal artery origins are seen (Fig. 25.1). In order to get a good 
angle of insonation the transducer may have to be tilted to the left 
for the right renal artery and vice versa. The renal arteries usually 
run in a transverse plane that is tilted in the postero-caudal direc¬ 
tion, though sometimes in the postero-cranial direction, and some¬ 
times the right renal artery origin points anterolaterally. Good 
angles of insonation are often not possible from this approach as 
the arteries tend to run parallel to the transducer. In large patients 
and in patients with overlying bowel gas, scans from the anterior 
approach often fail. 

Having found the renal arteries on the colour map, it is neces¬ 
sary to study them by spectral (duplex) Doppler (Figs 25.7-25.14). 
An abnormal colour pattern, with turbulence and colour aliasing 
may suggest a stenosis, but it is the spectral pattern that is diag¬ 
nostic. As stated earlier, a good angle between the ultrasound 



Figure 25.6 The renal artery viewed through the kidney. 

Sometimes the whole renal artery is readily seen as shown here, 
but sometimes the artery is tortuous and only portions of the artery 
are seen in any one scan plane. A diagnostic study is still possible. 



Figure 25.7 Renal artery 
stenosis. Four cases. All 
show the characteristic 
colour flow pattern and high 
velocity on the spectral 
graph. 

Top right: The line of the 
artery is not clearly seen, so 
angle correction cannot be 
applied. Angle correction is 
not necessary in this case 
as the indicated peak 
systolic velocity is more than 
3 metres per second. Any 
angle correction would 
increase this figure. Tissue 
vibration is visible on the 
colour Doppler image. 

Top left: In this case the 
depth meant that the PRF 
could not be set lower. The 
peak velocity is, however, 
clearly more than 3 metres 
per second. 

Bottom left: In this case 
velocity is not as high, but 
still well over the threshold 
of 2 metres per second. 

Bottom right: In this young 
woman with fibromuscular 
dysplasia there is high 
velocity at a stenosis in the 
mid-renal artery. 
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Figure 25.8 Renal artery stenosis. The stenosis is seen on the 
colour map image as a narrow segment of artery. Often the 
narrowing is not as clearly seen. Even when it is well seen, spectral 
Doppler is necessary to confirm the stenosis and to assess its 
severity. 


Figure 25.9 Renal artery stenosis. The spectral waveform is 
‘pale’. This is because the power is spread over a larger range of 
velocities. The waveform is nevertheless sufficiently clear to 
establish high velocity and diagnose renal artery stenosis. 



Figure 25.10 Renal artery stenosis. Just distal to the stenosis 
there is high velocity and flow disturbance. 



Figure 25.12 Renal artery stenosis. Damped (tardus parvus) 
waveform. A: Distal to the stenosis, but still in the main artery, the 
waveform is flattened, with a low rise to the systolic peak and a low 
flat systolic peak. No measurements have been made as the 
waveform is obviously abnormal. B: Damping in a peripheral artery. 


beam and the line of the artery (the Doppler angle) is very impor¬ 
tant in order to avoid error. An angle of less than 60° is ideal, 
though it is not always possible, particularly from the anterior 
approach. Spectral studies are best obtained in a breath hold; 
however, this is not always possible. Diagnostic traces may be 
obtained with the patient breathing; usually at the end of expira¬ 
tion. A long series of traces, as may be produced in a breath hold, 
will not be obtained, but one full systolic /diastolic waveform is 
all that is needed for interpretation. 

It must be understood that in the detection of renal artery steno¬ 
sis, the changes in waveform that are being sought may only be 


present in a short length of the artery. The turbulence is only 
present for about 1 cm, the increased velocity for less. While the 
majority of stenoses due to atheroma occur at or near the renal 
artery origin, some occur along the artery, and occasionally even in 
segmental arteries. Stenoses due to fibromuscular hyperplasia 
typically occur distal to the origin and are often multiple. It is 
therefore necessary to study the renal artery at more than one site, 
the minimum being three points, origin, mid and hilar. It is some¬ 
times possible to run the pulsed wave Doppler along the frozen 
colour image of the artery and to study, in real-time, the whole 
length. This is ideal. 


















Renovascular hypertension - renal artery stenosis 



Figure 25.11 Renal artery stenosis. Row disturbance. A: There is a very irregular ‘spiky’ maximal velocity envelope, with bright, high 
power signal at all velocities, including reversed velocities displayed below the baseline (turbulence). B: In this case the envelope is 
smoother, but there is bright, high power signal at all velocities (spectral broadening). Compare the normal renal artery waveform shown in 
Figure 25.5 where the high signal is concentrated near the maximum velocity envelope. 



Figure 25.13 Renal artery stenosis. Damped waveform - 
measurements. The first measurement (A) is the systolic rise time, 
the second (B) is the resistance index. 


RENOVASCULAR HYPERTENSION - 
RENAL ARTERY STENOSIS 


Clinical considerations 


The kidneys control blood pressure through excretion of enzymes 
(renin and angiotensin). Several forms of renal disease or damage 



Figure 25.14 Renal transplant study. Renal artery stenosis. Left: 
Just proximal to the stenosis the waveform is normal. Right: At the 
stenosis there is high velocity. There is also flow disturbance. Note 
the dramatic change from left to right. 


may upset this mechanism and cause hypertension. These include 
renal artery stenosis, renal trauma, polycystic kidney disease, scar¬ 
ring and almost any chronic renal disease (Table 25.1). Most impor¬ 
tant to this chapter is renal artery stenosis. This is important for 
several reasons. First, it is a potentially treatable cause. Second, the 
situation is complicated by the fact that hypertension itself can 
cause renal damage. Thus, renal artery stenosis in one kidney may 
cause hypertension, and the hypertension may damage the other 
kidney. Third, treatment of hypertension with acetylcholinesterase 
inhibitors (ACE inhibitors) in patients with renal artery stenosis will 
cause renal damage and may result in renal failure. Fourth, there is 
evidence that Doppler studies may be used to help select patients 
for angioplasty. A resistance index of more than 0.8 in the arteries 
distal to the stenosis indicates that angioplasty is likely to have a 
poor result. 1,2 Finally, Doppler studies are an appropriate method 
of follow-up after angioplasty. 
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Table 25.1 Renal causes of hypertension 
Renovascular causes 

1. Renal artery stenosis - due to atheroma or fibromuscular 
hyperplasia 

2. Renal arteriovenous fistula or malformation 

3. Renal artery aneurysm 

Renal non-vascular causes 

1. Polycystic kidneys 

2. Scars 

3. Almost any chronic renal disease 

4. Renal trauma (Page kidney) 


Screening hypertensive patients for 
renal artery stenosis 


Hypertension is very common. The vast majority of cases are clas¬ 
sified as idiopathic, or essential hypertension, i.e. no cause may be 
identified. Renovascular or renal hypertension accounts for a small 
minority of cases. It is commonly felt that to screen all hypertensive 
patients for renal or renovascular disease is impractical. It is there¬ 
fore common practice to screen selected cases only. 

Current trials appear to show little long-term benefit from renal 
artery angioplasty in cases of atheromatous stenosis. There appears 
to be little improvement in hypertension or prevention of progres¬ 
sion to renal failure as compared with patients treated by best 
medical treatment. This is despite good technical results. This could 
be interpreted as making the diagnosis of renal artery stenosis 
unnecessary in these patients, although a diagnosis would still be 
important in stenoses due to fibromuscular dysplasia and in the 
transplanted kidney. Others would take the view that a diagnosis 
is important even if it does not alter management. Whatever the 
arguments, current practice is to screen patients for certain 
indications. 

For current indications for screening see Table 25.2. It is clear that 
some of these indications are imprecise. The level, for instance, of 
hypertension that constitutes sufficient severity to indicate screen¬ 
ing will vary with different clinicians. 

Simple greyscale ultrasound studies 
in hypertension 


It is common practice in selected patients to perform a renal ultra¬ 
sound study. As this is a non-invasive, simple and relatively inex¬ 
pensive study, selection need not be as strict as for vascular 
(catheter, CT, MRI angiographic or Doppler) studies. Greyscale 
ultrasound will detect many of the renal causes of hypertension 
listed in Table 25.1. Enlargement of the adrenal glands may also be 
detected indicating possible phaeochromocytoma, although ultra¬ 
sound is inferior to CT in imaging the adrenals. Although a number 
of renal pathologies are reported to cause hypertension, detection 
of many, such as scarring, may be coincidental. The only definite 
causes are polycystic kidneys and significant renal artery stenosis 
(or rarely renal arteriovenous fistula or renal artery aneurysm). 

A significant discrepancy in renal size increases the probability 
of renal artery stenosis and is an indication for further screening. 

How should patients be screened for 
renal artery stenosis? 


This is a controversial question and there is no consensus. 

There are several methods of screening for suspected renovascu¬ 
lar hypertension (Table 25.3). 


Table 25.2 Indications for renovascular screening in 
hypertension 

1. Severe hypertension 

2. Difficult to control ‘brittle hypertension’ 

3. Severe rapid onset - flash pulmonary oedema 

4. Onset at a young age (less than 30 years old) or in children 

5. A renal bruit on clinical examination 

6. A previous ultrasound study showing a significant 
discrepancy in renal size 

7. Deterioration of renal function after onset of treatment with 
ACE inhibitors 

Relative indications 


8. Late age of onset (more than 60 years) 

9. Severe coexisting atheromatous disease 


Table 25.3 Methods of screening for suspected 
renovascular hypertension 

Method 

Advantages 

Disadvantages 

Catheter 

Most accurate* 

Invasive. Uses 

angiogram 

‘gold standard’ 

contrast. Expensive 

CT angiogram 

Less invasive 

Uses contrast. High 
radiation. Expensive 

MR angiogram 

Non-invasive 

Only marginally less 
accurate* than 

CTA. Expensive 

Doppler 

Non-invasive 

Very operator 

ultrasound 


dependent. Poor in 
large patients 

Captopril 

isotope 

renogram 

Non-invasive 

Low accuracy* 

Captopril test 


Least accurate* 


*The term ‘accurate’ although scientifically imprecise is used here for 
brevity. 


Catheter angiography 

Catheter angiography is undoubtedly the test that has the highest 
sensitivity and specificity, especially if combined with pressure 
measurements across a suspected stenosis. It is correctly regarded 
as the 'gold standard' against which other tests should be judged. 
The disadvantages are that it is invasive and expensive. It involves 
the administration of iodinated contrast. This is nephrotoxic and is 
contraindicated if there is significant coexisting renal dysfunction, 
which is often the case. The radiation dose is also high. In many 
centres catheter angiography is reserved for those cases where a 
definite diagnosis of renal artery stenosis has been made on other 
tests, in which case the angiogram is part of the therapeutic 
angioplasty. 

CT angiography 

Computed tomography (CT) angiography is a non-invasive alterna¬ 
tive to diagnostic catheter angiography. Modern machines capable 
of fine slice image acquisition enable reconstructions of the image 
in any plane without loss of resolution. Nevertheless sensitivity and 
specificity are lower than those of catheter studies and pressure 
measurements cannot be performed. Iodinised contrast is used and 
the radiation dose is high. 
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Table 25.4 Tests for renal artery stenosis 3 

Test 

Area under the curve 

Contrast-enhanced CT 

0.99 

Contrast-enhanced MRI 

0.99 

Non-contrasted MRI 

0.97 

Doppler ultrasound 

0.93 

Captopril isotope study 

0.89 

Captopril test 

0.72 


MR angiography 

Magnetic resonance angiograms may be obtained without the use 
of gadolinium contrast, using flow-specific sequences. The quality 
of these is, however, generally considered too low for use in the 
detection of renal artery stenosis. MR angiograms with gadolinium 
are of higher quality, comparable to multislice CT, with similar 
accuracy (Table 25.4). They were considered as an alternative to CT 
angiography in patients with renal impairment, but the possible 
link between gadolinium use in patients with renal impairment and 
nephrogenic sclerosing dermopathy is a contraindication to use of 
the technique in patients with poor renal function. 

Captopril isotope renography 

Captopril isotope renography relies on changes in the shape of the 
uptake curve of an isotope renogram after administration of capto¬ 
pril if a renal artery stenosis is present. The technique is non- 
invasive and radiation dose in low. Sensitivity and specificity are, 
however, also low. 

The captopril test 

This is the least accurate test and is not now used. 

Doppler ultrasound 

The main disadvantage of Doppler ultrasound is that it is extremely 
operator dependent with a long learning curve. It is more difficult 
to perform and sometimes technically not possible in large patients 
and in patients who cannot hold their breath. The percentage of 
cases that end as technical failures depends on the skill of the opera¬ 
tor, the quality of the equipment and also on the criteria of a techni¬ 
cally successful test. Some studies have reported technical failure 
rates of 40%, others less than 10%. These apparently daunting facts 
have led some to regard Doppler studies as inappropriate in the 
investigation of renal artery stenosis. In the view of the author this 
is not true. 

In children, slim young women with suspected fibromuscular 
dysplasia and in transplant kidneys, Doppler ultrasound has a high 
technical success rate and high sensitivity and specificity. Overall 
'accuracy' in all patients with suspected renovascular hypertension 
has been a subject of much debate. A comprehensive meta-analysis 3 
quoted on the Cochrane database using catheter angiography as the 
gold standard has shown that Doppler ultrasound has a high sen¬ 
sitivity and specificity. This indicates that it is a highly appropriate 
test (Table 25.4). 

While any analysis is open to debate, it is clear that, next to cath¬ 
eter angiography, contrast-enhanced CT or contrast-enhanced MRI 
are the most accurate tests. Doppler ultrasound is, however, not far 
behind. This would seem to support those who advocate Doppler 
ultrasound as the primary screening test for patients at high risk on 
clinical grounds of having renal artery stenosis. As opinions and 
practices vary so greatly, I will outline current practice in my 
department. That is not to say that it is necessarily best practice. 


Table 25.5 Criteria for small kidneys 

Right >2.5 cm smaller than left 
Left >1.5 cm smaller than right 


Patients with a high or moderately high suspicion of renal artery 
stenosis on clinical grounds (Table 25.2) have renal Doppler studies. 
Those that have a positive diagnosis or a high probability on the 
Doppler study proceed to catheter angiography and are consented 
for angioplasty at the same procedure provided the angiogram 
confirms the diagnosis. 

Those that have equivocal renal Doppler studies, those in whom 
the Doppler study is a technical failure and those in whom the 
Doppler study is negative, but there is a very high or increasingly 
high clinical suspicion of renal artery stenosis, have contrast CT (or 
sometimes contrast MRI) studies. 

Patients with hypertension but an intermediate or low suspicion 
of renal artery stenosis have ultrasound studies, without Doppler, 
and careful measurement of renal length. 

Abnormalities on greyscale ultrasound 
studies in hypertension 


Ultrasound is widely used in patients with hypertension. The 
conditions that may cause renal hypertension are listed in 
Table 25.1. 

There are a number of pathologies other than renal artery stenosis 
that cause small kidneys, and these may all be found in patients 
with hypertension. However, whilst the combination of a small 
kidney and hypertension may be coincidental, the combination 
increases the probability of renal artery stenosis sufficiently to 
warrant a renal Doppler study. 

Renal size may be measured in absolute terms, usually pole to 
pole length. Tables are available that relate renal size to patient size, 
and in children to age (see Chapter 21). It is more common, however, 
to make a more general judgement on renal size - less than 9 cm 
being regarded as small in adults, with subjective allowance being 
made for patient height and age. Comparison of the length on both 
sides is usually made. As the left kidney is commonly longer than 
the right, a different figure is used for each side (Table 25.5). 

It is important to know, however, that measurement of renal 
length on an ultrasound study is imprecise. It is very important 
to ensure that a scan plane is obtained that includes the whole 
length of the kidney. Even with careful technique there is some lack 
of reproducibility. Nevertheless, the technique is sufficiently accu¬ 
rate for clinical use. 

Abnormalities in renal Doppler studies 
in hypertension 


An arterial stenosis causes changes in the blood flow pattern. These 
may be detected on a Doppler study. Proximal to the stenosis the 
flow pattern is usually normal. The exception to this is a very severe 
stenosis causing near or total occlusion. In this case there is absent 
or sometimes reversed diastolic flow. At the stenosis there is 
increased peak systolic velocity. Immediately distal to the stenosis 
there is flow disturbance (spectral broadening, turbulence) and in 
the distal arteries there is a damped waveform. 4 Each of these fea¬ 
tures will be discussed in turn. 

Increased velocity 

Increased velocity at a stenosis is due to the Venturi effect caused 
by the narrowing. This may be compared with squeezing the end 
of a garden hosepipe to increase the velocity and length of the water 
jet. The increase in velocity only occurs at a certain degree of 
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Table 25.6 Criteria for increased peak systolic velocity 

High specificity 

1. 2.2 metres per second 

2. >3.5x velocity in the renal artery proximal to the stenosis or 
the opposite renal artery 

3. >3.5x the velocity in the aorta or the iliac artery (renal-aortic 
ratio and reno-ileal ratio) 

Good compromise of sensitivity and specificity 

1. >2 metres per second 

2. >2x velocity in the renal artery proximal to the stenosis or 
the opposite renal artery 

3. >2x the velocity in the aorta or the iliac artery (renal aorto- 
renal and reno-ileal ratios) 

High sensitivity 

1. >1.8 metres per second 

2. >1.5x the velocity in the renal artery proximal to the stenosis 
or the opposite renal artery 

3. >1.5x the velocity in the aorta or the iliac artery (aorto-renal 
and ileo-renal ratios) 


severity of stenosis, which is generally accepted to be about 60-70% 
stenosis. There are several ways of defining the level of peak systo¬ 
lic velocity that indicates a significant stenosis. Table 25.6 gives a 
set of typical values. The levels chosen depend on whether priority 
is given to high sensitivity or high specificity. In our department 
we use the 'compromise' criteria. 

The elevated velocity is only present in a small length of artery 
at and immediately distal to the stenosis. It is important therefore 
to study the whole artery with a minimum of three points being 
studied. Careful angle correction is also necessary, with an angle of 
insonation of less than 60° being highly advantageous. 

The colour map may show the high velocity as aliasing. This 
produces a confused area of mixed colour (Fig. 25.7). The appear¬ 
ances on colour are, however, highly dependent on settings and 
angles. They cannot be relied on in isolation, though they often 
indicate a part of the artery that warrants further investigation by 
spectral Doppler. The actual stenosis may sometimes be seen as a 
narrowed area of artery, but often this feature is not easily appreci¬ 
ated (Fig. 25.8). 

The spectral Doppler waveform shows a high systolic peak indi¬ 
cating high velocity (Fig. 25.7). At the point of high velocity the 
spectral waveform often appears pale. This is because the power is 
spread over a larger velocity range (Fig. 25.9). Although the high- 
velocity jet occurs at the stenosis and flow disturbance occurs 
immediately distal to the stenosis, there is an area where there is 
both high velocity and flow disturbance (Fig. 25.10). 

As well as these changes being shown on the spectral waveform, 
they also have a characteristic sound on audio Doppler. The pitch 
increases and the volume decreases. It is easy to recognise once 
heard. 

Renal artery stenosis 

• In atheromatous renal artery stenosis, the long-term results of 
angioplasty and stenting are poor. The need for diagnosis is 
therefore debatable. 

• In cases of fibromuscular hyperplasia and in transplanted kidneys, 
the results of angioplasty and stenting are reasonably good, so a 
diagnostic test is required. 

• Doppler ultrasound, in experienced hands, though inferior to CT 
angiography or MR angiography, is a good test. 

• Combining two or more criteria, i.e. elevated peak systolic 
velocity, turbulence, damping of the distal waveforms, improves 
accuracy. 


Table 25.7 Definition of common parameters 


Systolic rise time 

Systolic upstroke 
Acceleration index 
Resistance index, Rl 


Time between the beginning and 
end of the systolic rise curve 

Systolic frequency/second 
Systolic upstroke/carrier frequency 
(S - D)/S where S = systolic 
velocity and D = diastolic velocity 


Parameters of a damped waveform: 

1. Systolic rise time >100 milliseconds 

2. Systolic acceleration index <3.75 kHz/s 

3. Resistance index >0.7 (>0.8 indicates a poor result if 
angioplasty is performed) 


Flow disturbance (turbulence) 

Flow disturbance (loosely termed turbulence) occurs distal to steno¬ 
sis for a length of about 1 cm and may be detected in stenoses of 
over 40%. Flow disturbance is characterised by a chaotic pattern of 
colour on the colour flow map. This is, however, unreliable as other 
factors such as aliasing may occur if the pulse repetition frequency 
(PRF) is too high, and may mimic turbulence. The pattern on spec¬ 
tral Doppler is more reliable. The waveform has an irregular outline 
to the maximal velocity envelope. There is high power flow at 
all velocities, including reversed flow. This is termed spectral 
broadening. This causes a very white spectral pattern from the 
baseline to the irregular maximal velocity envelope and below the 
baseline (Fig. 25.11). Flow disturbance also has a characteristic 
sound on audio Doppler. 


Damping - the parvus tardus waveform 

A damped waveform is found in all the arteries distal to a severe 
stenosis. To cause this there must be a significant pressure drop 
across the stenosis. As with other parameters, the degree of stenosis 
that causes damping is debated, but it probably occurs somewhere 
between a 60% and an 80% or more stenosis. The waveform is flat¬ 
tened, hence the term damped. More accurately there is a slow rise 
to the systolic peak. There is decreased maximal systolic and diasto¬ 
lic velocity, but the systolic velocity is decreased to a greater extent 
than the diastolic. Hence the difference between systolic and diasto¬ 
lic velocities is reduced (Fig. 25.12). The waveform has been termed 
the parvus tardus (low and slow) waveform. Parvus refers to the 
decreased velocities, tardus to the slow rise to the systolic peak. 

The two features of the waveform may be quantified. The slow 
rise to the systolic peak may be measured by placing a cursor on 
the baseline at the beginning of systole. This may be extrapolated 
from the spectral curve. Another cursor is placed at the first systolic 
peak. This is a small peak followed by a notch and is caused by 
closure of the aortic valve (Fig. 25.13). From the position of these 
two points the time between them (the systolic rise time) and the 
slope of the systolic rise (the systolic upstroke) or the systolic accel¬ 
eration may be calculated. There is software on most ultrasound 
machines that will do this. The decreased difference between systo¬ 
lic and diastolic velocities may be measured by obtaining any ratio 
between them. The ratio most commonly used is the resistance 
index (RI) (Fig. 25.13). Normal values are also available for this. 
Normal values and those that indicate renal artery stenosis are 
available (Table 25.7). 

The technique of Doppler studies for 
renal artery stenosis 


The general technique of renal Doppler studies is described earlier 
in this chapter. A complete study should ideally include a colour 









Renal artery occlusion and renal infarction 


Doppler study of the whole volume of the kidney with pulsed wave 
Doppler (spectral analysis) of at least three segmental or interlobar 
arteries and a colour Doppler study of the main renal arteries. A 
search should be made for accessory renal arteries (though they are 
often missed). This is obviously a theoretical limitation of renal 
Doppler as it is recognised that stenoses in accessory renal arteries 
may cause hypertension. In practice, however, this is so uncommon 
that it does not invalidate the use of Doppler ultrasound in the 
investigation of hypertension. 

Some centres study the intrarenal vessels only. This is undoubt¬ 
edly a quicker and more practical method of screening, but has 
limitations. 5,6 These are discussed below. 


Doppler study of the intrarenal vessels 

Study of the intrarenal arteries is far easier than study of the main 
trunk (see the section on the technique of renal Doppler studies) 
and may be achieved in almost 100% of patients (some extremely 
large patients may be technical failures). The limitations of this are 
discussed below. It is common practice, however, to start the 
Doppler study with the intrarenal arteries. 

Limitations of the damped 
(parvus tardus) waveform 

Some care should be taken when interpreting the presence or 
absence of a damped waveform in isolation. Only severe stenoses 
cause distal damping. There must be a significant pressure drop 
across the stenosis. 

Also it may be demonstrated that to produce a damped wave¬ 
form, the arteries distal to a stenosis must be compliant (elastic). 
This may not be the case if there is extensive atheroma or, in a 
transplanted kidney on immunosuppressants, which may cause the 
renal artery to be encased in fibrous tissue. 

There are conditions other than arterial stenosis that may produce 
a damped waveform. These include chronic renal failure from 
almost any cause, small vessel disease, old age (probably also due 
to subclinical small vessel disease), severe aortic valve stenosis and 
coarctation of the aorta. In the transplanted kidney, iliac artery 
stenosis and chronic rejection may cause damping. It follows that a 
damped waveform should not be relied on in isolation, particularly 
if renal function is poor. Peripheral renal arteries have low veloci¬ 
ties. This may mimic damping, particularly if the Doppler angle is 
poor. This is discussed in the section on the technique of renal 
Doppler studies. 

Doppler study of the renal trunk 

Because of the limitations of a study of the intrarenal arteries alone, 
most centres will include a study of the main renal artery. 7 For more 
details see the section on the technique of renal Doppler studies. 
This is technically more difficult, particularly in large patients and 
those who cannot hold their breath. Technical failure rates of up to 
40% have been reported. In most centres the figure is probably 
lower than this, but a technical failure rate of 10-20% is common. 
Accessory renal arteries, present in about 22% of people, are usually 
not detected. 

Children with hypertension 

Renal Doppler studies on children are often technically easier than 
in adults. While young children may find it difficult to stay still, the 
relative closeness of the renal arteries to the transducer and the 
ability to displace overlying bowel gas with light transducer pres¬ 
sure outweigh the disadvantages. Technical failures are less 
common than in adults. This makes Doppler ultrasound an appro¬ 
priate diagnostic test in children with hypertension. The Doppler 
signs and velocity values are the same as in adults. 


Hypertension in patients with 
renal transplants 

The principles of Doppler detection of renal artery stenosis are 
similar in transplanted kidneys. There are, however, some differ¬ 
ences, which are discussed here, though reference should also be 
made to Chapter 28. Hypertension is common in renal transplant 
recipients. Most cases have no identifiable cause. Renal artery ste¬ 
nosis is, however, relatively common in renal transplants. 

As stated, many renal transplant patients are hypertensive. 
Factors that raise the possibility of a stenosis are severe hyperten¬ 
sion, sudden onset or worsening of the hypertension and difficulty 
in controlling the hypertension. These factors are indications for a 
renal Doppler study. 

The transplanted kidney is far easier to study by Doppler than 
the native kidney. It is near the body surface and moves little 
with respiration (Fig. 25.14). If there is more than one renal artery, 
then this will be known from the operation report. Technical fail¬ 
ures in Doppler studies of the transplanted kidney are therefore 
unusual. 

The Doppler features of renal artery stenosis, whatever the aetiol¬ 
ogy, are the same in the transplanted kidney as in the native kidney. 
There is usually mild to moderate turbulence at the transplant 
artery origin. This is due to the surgical anastomosis and should 
not be interpreted as a sign of stenosis unless severe or accompa¬ 
nied by high velocity or distal damping. The transplanted renal 
artery often has one or two bends. At a bend in an artery there is 
increased velocity. If the bend is tight, the peak systolic velocity 
may even exceed 2 metres per second. There will, however, be no 
turbulence or distal damping. 


RENAL ARTERY OCCLUSION AND 
RENAL INFARCTION 


Renal artery occlusion may be chronic (of gradual onset) or acute. 
The aetiology, presentation, symptoms, signs and imaging appear¬ 
ances are different in the two forms of the disease. Renal infarction 
is a result of real artery occlusion. 

Chronic renal artery occlusion occurs when renal arteries that are 
stenosed, usually due to atheroma, slowly progress to complete 
occlusion. Symptoms and signs are similar to those of severe steno¬ 
sis with hypertension and renal impairment, particularly if the 
disease is bilateral or superimposed on other chronic renal diseases 
such as hypertensive nephropathy. As there is slow progression 
there are no acute symptoms. 

Acute renal artery occlusion occurs when thrombus or choles¬ 
terol plaque breaks off from a proximal source and occludes the 
vessel. Occlusion of the main trunk affects the whole kidney; occlu¬ 
sion of a branch artery causes a segmental infarct. The source of 
thrombus is usually aortic or proximal renal artery atheroma, mural 
thrombus in an aortic aneurysm or from the left heart in cases of 
ventricular infarct with mural thrombus, atrial fibrillation or suba¬ 
cute bacterial endocarditis. Aortic dissection or dissection of the 
renal artery, often caused by angiography catheter studies, are 
other causes. Symptoms of acute renal artery occlusion are sudden 
onset of flank or lower back pain, nausea and vomiting. There is 
usually haematuria, proteinuria and hypertension. Bilateral occlu¬ 
sion results in acute renal failure with anuria. 

Segmental infarcts may also occur in renal transplants when there 
is a small polar accessory artery. These small arteries often throm¬ 
bose in the immediate postoperative period. 

Greyscale ultrasound appearances 


There is little published material on this subject. In cases of chronic 
occlusion the kidney slowly shrinks to a small 'end-stage' kidney. 
Acute occlusion causes initial swelling of the kidney, which rapidly 
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Figure 25.15 Renal infarct. A: Two days after the onset of pain there is a well-defined hyperechoic wedge shape area indicating the 
infarct. B: A larger infarct showing a hyperechoic area. Typically larger infarcts are less wedge shaped than smaller ones. 


becomes inhomogeneous, with areas of increased and decreased 
echodensity and loss of the normal corticomedullary architecture 
(Fig. 25.16). Over the next few weeks the kidney shrinks. Acute 
infarcts cause wedge-shaped areas of increased echodensity that 
increase further in echodensity over several days (Fig. 25.15). Over 
the next few weeks the area shrinks and eventually becomes a 
focal scar. 

Doppler ultrasound appearances 


In both acute and chronic renal artery occlusion there is little 
Doppler flow within the kidney although some colour flow may 
still be visible at the periphery from capsular arteries, or at the poles 
from accessory vessels (Fig. 25.16). At the renal hilum spectral 
Doppler may show 'blips' of systolic flow with no flow during the 
rest of the cycle. This may represent true flow past the thrombus at 
peak systole only, or may represent transmitted pulsation. 

Infarcts have no Doppler flow in the infarcted area (Fig. 25.17). 
This is often very difficult to demonstrate with smaller infarcts. 8 If 
doubt remains regarding renal perfusion then intravenous ultra¬ 
sound contrast will clarify. Infarcts are shown as areas of non¬ 
perfusion (Fig. 25.18). In total renal artery occlusion there is no 
perfusion in most of the kidney, though there may be small patches 
of perfusion from capsular or accessory vessels. 


RENAL VEIN THROMBOSIS 


Renal vein thrombosis most commonly occurs in debilitated, dehy¬ 
drated infants. Renal vein thrombosis may also affect adults. The 
most common cause is membranous glomerulonephritis and about 
50% of patients with this condition develop renal vein thrombosis. 
There are other less common causes (Table 25.8). Transplanted 
kidneys may also develop renal vein thrombosis. Thrombosis 
usually occurs within the first 10 days after transplantation. 

Renal tumours may propagate into the renal vein and inferior 
vena cava. This is referred to as tumour thrombus. It is, however, 
a separate entity from renal vein thrombosis and is considered 
separately (see Chapter 27). 



Figure 25.16 Acute renal artery occlusion. The swollen, 
inhomogeneous kidney is avascular, except for a small accessory 
upper pole artery. 


Symptoms 


Renal vein thrombosis may be of chronic or acute onset. Symptoms 
differ in the two forms. 

Most cases are chronic. The thrombus begins in the peripheral 
veins and propagates centrally. Symptoms are often insignificant. 
Renal failure may result if thrombosis is bilateral or in a solitary or 
dominant kidney. In cases where there is background renal failure, 
there may be a rapid deterioration in renal function. Often, however, 
collateral venous channels dilate rapidly and renal failure does not 
occur. It is likely that many such cases escape detection. 









Renal vein thrombosis 



Figure 25.17 Renal infarcts. A: A colour flow image of the same case as shown in Figure 25.15A.There are vessels with Doppler flow 
either side of, but not in, the infarct. B: Another case with multiple infarcts. A few vessels are seen, but the vasculature is clearly abnormal. 



Figure 25.18 A large renal infarct. IV contrast (SonoView, 
Bracco), low Ml technique. The non-infarcted part of the kidney 
shows normal enhancement in the arterial phase. The infarcted pole 
shows no enhancement. 


Table 25.8 Causes of renal vein thrombosis 

1. Membranous glomerulonephritis 

2. Hypercoagulability states 

3. Dehydration 

4. Compression from retroperitoneal fibrosis, retroperitoneal 
tumour or pancreatic tumours 


In acute renal vein thrombosis occlusion of the large veins occurs 
de novo. Patients have loin pain and haematuria. As with chronic 
cases, if bilateral or in a solitary or dominant kidney, renal failure 
occurs with its symptoms and signs. In acute cases, some of the 
thrombus may become detached and cause pulmonary embolus. 
Left renal vein thrombosis in males may present with an acute left 
varicocele. 

In transplanted kidneys collateral veins are absent so chronic as 
well as acute renal vein thrombosis presents with pain over the 
kidney and haematuria. The swollen kidney may be palpable. As 
transplanted kidneys are the only well-functioning kidney, there is 
an acute increase in serum creatinine. 

Greyscale ultrasound appearances 


In acute cases the kidney is initially swollen and inhomogeneous. 
There may be hyperechoic and hypoechoic areas in the renal paren¬ 
chyma. There is loss of the normal corticomedullary architecture. 

Low echodensity thrombus may be seen distending the renal 
vein, though in the early stages the thrombus is often isoechoic with 
blood and is not visible. 

In chronic cases the kidney initially appears normal or minimally 
swollen, but in the majority of cases, recovers and returns to a 
normal appearance. In some cases the kidney becomes inhomoge¬ 
neous with a similar appearance to cases of acute thrombosis (Fig. 
25.19). This appearance is perhaps due to intrarenal haemorrhage. 

In severe cases of acute or chronic renal vein thrombosis the 
kidney may not recover, and shrinks to a small, usually homogene¬ 
ous end-stage kidney. 

Doppler ultrasound appearances 9 


The classic Doppler appearances only occur early in severe cases of 
acute renal vein thrombosis. They become less characteristic as col¬ 
lateral channels open. As collaterals are not present in the trans¬ 
plant kidney, the classic changes last longer. 
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Figure 25.21 Renal cell cancer extending into the IVC. The 

moderately echodense tumour is seen with its upper border below 
the hepatic veins (right-hand image). The distance between the 
cranial extent of the tumour and the hepatic vein-IVC junction has 
been measured (left-hand image). This is very useful in planning the 
surgery. 


Figure 25.19 Chronic renal vein thrombosis. The kidney is 
inhomogeneous with loss of the normal architecture. 



Figure 25.20 Renal vein thrombosis. Two different cases. In 
both cases, colour flow is seen at the hilum and in a few central 
vessels, but no further. The spectral waveforms are slightly different 
in both cases but both show a narrow systolic component with 
abrupt reversal of flow. 



Figure 25.22 Renal cell cancer extending into the IVC: 

contrast-enhanced ultrasound scan. In this case the CT images 
suggested possible tumour in the IVC but were non-diagnostic. 
Greyscale ultrasound and Doppler were also equivocal. A contrast- 
enhanced study shows that there is no IVC tumour. Left: A low Ml 
scan showing flowing blood filling the lumen (arrows). Right: A 
normal Ml scan shows the contrast-enhanced blood swirling. This 
was clearly seen in real-time, and explained the equivocal on CT or 
non-enhanced scan. 


The colour Doppler image shows severely reduced flow. The 
classical spectral Doppler pattern occurs in the arterial trace with 
reverse diastolic flow with a diastolic notch, which has led to the 
description of the waveform as a 'reversed M pattern'. In addition, 
there is severely reduced or absent venous flow (Fig. 25.20). 

In the native kidney as collaterals open, the arterial flow changes 
from a less characteristic reverse diastolic pattern over time to a 
normal pattern. Often the ultrasound scan is performed some days 
after the onset of symptoms. In these cases there is usually a swollen 
inhomogeneous kidney with non-specific reverse diastolic flow, 
reduced diastolic flow or a normal Doppler pattern. In these cases 
it is not possible to make a definitive diagnosis. 


RENAL CELL CANCER - PROPAGATION 
INTO THE RENAL VEIN AND INFERIOR 
VENA CAVA 


Advanced renal cell cancers may propagate into the lumen of the 
renal vein and up the inferior vena cava (IVC). They may extend as 
far as the right atrium. Propagation along the lumen, however. 


Renal vein thrombosis 

• There is a characteristic arterial waveform that may establish the 
diagnosis. 

• In the native kidney the characteristic waveform is only seen for a 
short time before collateral veins open up. 

• In the transplanted kidney, the characteristic waveform persists 
longer. 


while it is a poor prognostic sign, does not render the tumour inop¬ 
erable. The extent of tumour thrombus does though affect the plan¬ 
ning of surgery. Basically extension close to the level of the hepatic 
veins means that the veins cannot be clamped, extension to the 
diaphragm means that the chest has to be opened and extension to 
the right atrium means that the heart may have to be opened. 
Imaging is usually done with CT or MRI. Ultrasound can also 
be useful. There is increasing use of ultrasound in cases where 
CT or MRI is equivocal, usually because of flow artefacts 
(Figs 25.21, 25.22). 








Arteriovenous malformations (congenital arteriovenous fistulae) 



Figure 25.23 Post-traumatic arteriovenous fistula. Left: There 
is a mosaic of colour in the upper pole due to high turbulent flow 
but also tissue vibration. Right: Adjustment of gain, PRF and 
frequency reduce the confusing mass of colour until only the high 
flow in the fistula is seen. 


ARTERIOVENOUS FISTULA 


An arteriovenous fistula is a communication between an artery and 
vein, either direct or via a pseudoaneurysm. Most are caused by 
diagnostic renal biopsy Other causes are radio-frequency (RF) abla¬ 
tion of renal tumours, stab wounds and blunt trauma. 

Arteriovenous fistulae and pseudoaneurysms are common fol¬ 
lowing renal biopsy. Some studies where all post-biopsy patients 
were imaged have shown that 15-50% develop a fistula. The vast 
majority are asymptomatic or have only transient symptoms (hae- 
maturia and flank pain). The majority presumably thrombose or 
remain small with low flow. A very small minority, less than 1%, 
are either sufficiently large de novo, or enlarge over time to present 
with symptoms or signs such as haematuria, loin pain, hyperten¬ 
sion or deteriorating renal function. 

Symptoms and signs 


Post-biopsy fistulae may present acutely immediately after the 
biopsy with persistent haematuria. Others present weeks or months 
later with deteriorating renal function due to a 'steal' phenomenon. 
Renal dysfunction may be clinically evident, even though only one 
kidney is involved, because there is normally underlying renal dys¬ 
function, this being the reason for the biopsy. Conversely the exist¬ 
ence of renal dysfunction may mask the symptoms and signs of a 
fistula, as they may be misinterpreted as deterioration in the under¬ 
lying condition. Hypertension or loin pain may occur. Haematuria 
does not often occur as a late presentation. 

Arteriovenous fistulae in asymptomatic patients are sometimes 
detected incidentally on subsequent scans. This is particularly 
common in the transplant kidney. 

Doppler ultrasound appearances 10 


The first indication on the Doppler scan that an arteriovenous 
fistula may be present is a focal increase in colour on the colour 
Doppler image. The pattern is often a mosaic of colour caused by 
high blood flow and by tissue vibration around the fistula. This is 
essentially a colour demonstration of the same vibration that causes 
a bruit (Fig. 25.23). Adjusting the Doppler settings to produce less 
colour (reducing gain, increasing PRF and lowering the frequency) 
results in the flow in normal vessels becoming less visible, whilst 
the high flow in the fistula remains bright (Fig. 25.23). The feeding 
artery and draining vein may sometimes be seen as relatively wide 
vessels travelling almost directly between the fistula and the hilum. 



Figure 25.24 Arteriovenous fistula. Left: Changing the scan 
plane reveals the feeding artery. Right: There is high-velocity, 
low-resistance turbulent flow in the fistula on spectral Doppler. 



Figure 25.25 Arteriovenous fistula. Left: There are high systolic 
velocities through the fistula. The systolic peak is broadened. Right: 
The venous waveform. There is a weakly pulsatile (arterialised) 
waveform. There is turbulence. 


Arteriovenous fistula 

• The fistula is usually clearly visible as a focus of increased colour 
on the colour flow image. 

• The appearances of an arteriovenous fistula are confirmed by 
adjusting the colour flow parameters and by pulsed wave spectral 
analysis. 


Spectral Doppler studies typically show a low resistance flow in the 
feeding artery with elevated diastolic velocity, resulting in a low 
resistance index (RI), typically less than 0.5. There is usually flow 
disturbance (turbulence) characterised by an irregular 'spiky' spec¬ 
tral waveform and small spikes below the baseline indicating ele¬ 
ments of reversed flow (Fig. 25.24). There is often also an 
elevated systolic velocity through the actual fistula (Fig. 25.25). 
The draining vein has pulsatile flow similar to the arterial flow 
and it may be difficult to distinguish between the artery and vein 
(Fig. 25.25). 


ARTERIOVENOUS MALFORMATIONS 
(CONGENITAL ARTERIOVENOUS 
FISTULAE) 


A renal arteriovenous malformation (AVM) is a congenital vascular 
malformation, usually involving several vessels and containing one 
or more arteriovenous fistulae. They are sometimes referred to as 
congenital arteriovenous fistulae. 
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They are uncommon. Prevalence from autopsy series is about 1 
per 100 000 and the incidence in patients being investigated for all 
urological conditions is about 1 per 3000-7500, although most prac¬ 
tices see them only rarely 

There are two types of AVM. The most common is the circoid 
type, which lies deep to the uroepithelium in the lamina propria 
and often causes haematuria. 

The less common type is the cavernous AVM, which consists of 
a single feeding artery and a single draining vein communicating 
via a cavernous chamber. These resemble a post-biopsy or trau¬ 
matic fistula, but are histologically different. The cavernous chamber 
has vascular walls while the pseudoaneurysm that may be present 
in an acquired fistula has no true cellular wall. 

Renal AVMs may be associated with renal artery aneurysms. 

Symptoms and signs 


Renal arteriovenous fistulae usually present in young adults with 
recurrent macroscopic haematuria. Bleeds are more common and 
often more severe in pregnancy. Hypertension is also common in 
patients with AVMs, thought to reflect relative ischaemia in the 
tissues distal to the AVM. Some patients with high flow AVMs 
present with left heart failure. Occasionally asymptomatic AVMs 
are found on renal Doppler studies or angiograms performed for 
other reasons. 

Greyscale ultrasound appearances 


AVMs are usually not detected on a greyscale ultrasound study. 

Doppler appearances 11,12 


Descriptions of Doppler appearances are sparse; however, the 
appearances are similar to those of acquired AV fistulae. Circoid 
and cavernous AVMs may be distinguished by their vascular pat¬ 
terns (Figs 25.26-25.29). 



Figure 25.26 Arteriovenous malformation. Tissue vibration. 
There is a mass of colour due to vascular flow but also tissue 
vibration around the vessels. 


RENAL ARTERY ANEURYSM 


Renal artery aneurysms have the same characteristics as aneurysms 
elsewhere. They may occur in the main renal trunk (extraparenchy- 
mal), or in one or more of the intrarenal arteries (intraparenchymal). 
The aetiology of the two types differs (Table 25.9). 

As with other aneurysms, they may be divided into three types 
according to their shape and two types according to their position 
(Table 25.10). 

The incidence in postmortem studies is 1 in 1000. Their preva¬ 
lence is equal in men and women, although they have a greater 
tendency to bleed during pregnancy. 
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Figure 25.27 Cavernous arteriovenous malformation. 

The large single feeding artery and draining vein are shown. 



Figure 25.28 Circoid arteriovenous malformation. There is a 
knot of multiple vessels. 














Vascular aspects of renal parenchymal disease and Doppler studies 



Figure 25.29 Arteriovenous malformation. There is high 
velocity, turbulent and slightly pulsatile ‘arterialised’ flow in the 
draining vein. 


Table 25.9 Aetiology of renal artery aneurysms 

Extraparenchymal (85%) 


Saccular or fusiform 

Fibromuscular, dysplasia 
Kawasaki disease 

False or dissecting 

Blunt trauma, surgery, 
angiographic catheter injury 

Intraparenchymal (15%) 



Polyarteritis nodosa 
Neurofibromatosis 


Tuberculosis 


Mycotic 

Ehlers-Danlos syndrome 


Table 25.10 Types of renal artery aneurysms 

Extraparenchymal 

Saccular (70%) 


Fusiform (20%) 


Dissecting (10%) 

Intraparenchymal 

Saccular 


Symptoms 


Most are asymptomatic and may never cause any problems. They 
may present when they rupture, which is usually a catastrophic 
event with severe shock and is often fatal. Less often they leak 
slowly, presenting with flank pain and/or haematuria. They may 
cause hypertension. 


In some cases the hypertension is due to a narrowing of the 
artery associated with the aneurysm, the mechanism being the 
same as with renal artery stenosis. In other cases when there is 
no stenosis, thromboemboli in the distal vessels originating from 
the mural thrombus in the aneurysm have been suggested as 
an aetiological cause. Renal infarcts may be demonstrated by 
enhanced CT (and potentially by contrast-enhanced ultrasound) in 
many cases. 

Renal aneurysms may obstruct the collecting system, causing 
hydronephrosis resulting in flank pain. 

Finally patients with intraparenchymal aneurysms usually 
present with symptoms of the primary causative pathology. 

Prognosis 


A renal artery aneurysm is said to be at high risk of rupture if it is 
greater than 2 cm and at intermediate risk if it is between 1.5 cm 
and 2 cm. Intraparenchymal aneurysms are usually very small 
(microaneurysm) and not at risk of rupture. 

Ultrasound appearances 


There are few descriptions of the ultrasonic appearances of renal 
artery aneurysms. The ultrasound appearances of aneurysms per 
se are well described, and those originating from the renal artery 
have typical features. It is possible that renal artery aneurysms may 
be misinterpreted as cortical or parahilar cysts if Doppler is not 
used. This is particularly true of small intraparenchymal 
aneurysms. The main renal trunk is notoriously difficult to study 
and unless a dedicated Doppler study is performed, on a cursory 
look, with colour Doppler, renal artery aneurysms will often be 
missed. 


Renal artery aneurysm 

• These are rare. 

• They are visible on the colour flow image. 

• A tortuous artery may simulate the appearance. 


VASCULAR ASPECTS OF RENAL 
PARENCHYMAL DISEASE AND 
DOPPLER STUDIES 


Doppler studies are widely used, in conjunction with diagnostic 
biopsy, in the investigation of renal transplant dysfunction. This is 
not discussed further here but is covered in Chapter 28. Doppler 
studies are less widely used in the investigation of parenchymal 
disease, as opposed to primarily vascular disease, in the native 
kidney. Doppler studies do have a role, however, and contrast- 
enhanced ultrasound, while not in routine clinical use in the kidney, 
may play a part in the future. 13-15 

Vascular response to renal disease 


In order to understand the Doppler changes that occur in renal 
disease it is important to understand how the disease may affect 
the blood vessels. 

The disease may damage the medium-sized and small vessels of 
the kidney. This may cause increased vascular resistance resulting 
in an elevated RI on the Doppler study. The most common diseases 
to do this are diabetic nephropathy, atherosclerosis and vasculitis, 
though other chronic renal diseases may also do so. 

Other diseases may affect the blood vessels by altering arteriolar 
muscle tone. There may also be parenchymal changes around the 
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blood vessels that cause vasoconstriction. Increased intrarenal pres¬ 
sure may have a similar effect. The combination of factors that may 
affect the blood flow pattern is therefore complex. 16 

Despite this complexity however, there are only four ways in 
which renal parenchymal disease may affect renal Doppler studies: 
lowering the resistance index, increasing the resistance index and 
decreasing or increasing overall blood flow through the kidney. 
Vascular resistance may be objectively measured by the RI. 

Acute tubular necrosis (ATN) 


Acute tubular necrosis (ATN) is one pathology where Doppler 
ultrasound is clinically useful, both in the transplant and the native 
kidney. It occurs in response to acute renal ischaemia, following an 
episode of hypotension secondary to various causes. Recovery is 
usually clinically complete, though there may often be some per¬ 
manent subclinical damage. Some severe cases progress to cortical 
necrosis with permanent renal failure. 

Doppler appearances 

Acute tubular necrosis causes marked arteriolar vasoconstriction; 
the degree of vasoconstriction is related to the severity of the ATN. 
The Doppler hallmark of ATN is therefore reduced diastolic flow, 
reflected as an elevated resistance index (RI). The more severe the 
condition, the more marked is the reduction in diastolic flow; very 
severe cases have reverse diastolic flow. Prolonged reversal of 
diastolic flow carries a poor prognosis with a high proportion not 
recovering renal function. 

The main differential diagnosis in cases of ATN is often pre-renal 
failure. In pre-renal failure the Doppler flow pattern is normal. 
Doppler studies may therefore distinguish between the two condi¬ 
tions. 17 Indeed there are few conditions (apart from renal vein 
thrombosis) other than ATN in the native kidney that cause reduced 
diastolic flow in acute renal failure. 

When recovery from ATN occurs, it is rapid. During the first few 
hours after recovery there is a hyperaemic diuretic phase. Doppler 
studies during this phase show increased diastolic flow, higher than 
normal (RI less than 0.6). The Doppler changes may precede the 
diuresis by a few hours. 

Contrast-enhanced ultrasound appearances 

In cases of ATN contrast-enhanced ultrasound appears to show a 
variable reduction in cortical perfusion but a far more marked 
reduction in medullary perfusion. Flow to the medulla is delayed 
and reduced. The pyramids remain visible as hypoperfused areas 
throughout the scan. Although this pattern has been observed, its 
clinical utility, sensitivity and specificity have not at this time been 
validated by trials. 

Renal diseases other than ATN 


Neither Doppler nor contrast-enhanced ultrasound studies are in 
routine clinical use in these diseases. Some knowledge of the 
changes that occur is available, although, in most cases, such studies 
will not replace diagnostic renal biopsy. In some diseases a Doppler 
study may be an aid in assessing the prognosis of the disease. 

Small vessel disease 

Small vessel disease of the kidney may result from diabetes melli- 
tus, nephrosclerosis or almost any cause of chronic renal failure. In 
early cases, Doppler studies show a variable pattern and are gener¬ 
ally unhelpful. In advanced cases the arteriolar and arterial bed is 
damaged. The RI may be elevated in the larger arteries, although 
there is often damping in the peripheral arteries. The RI is elevated 
in a large proportion of older patients with normal creatinine levels. 


Parenchymal disease 

• Doppler may distinguish ATN from pre-renal failure. 

• The use of Doppler in obstruction is controversial. 

• Doppler changes do occur in other renal parenchymal diseases, 
but it is not at present used clinically in these conditions. 


Although the cause is uncertain, the elevation is probably due to 
subclinical small vessel disease. 

Acute glomerulonephritis (GN) 

Published data, though sparse, suggest that the Doppler pattern 
varies with the type of GN. 

Acute primary or secondary GN causes hypervascularity which 
is seen on colour Doppler. The RI is normal or slightly low. 

Acute crescentic or proliferative GN causes reduced parenchymal 
perfusion and an elevated RI. 

Tubulo-interstitial disease 

Tubulo-interstitial disease causes reduced renal parenchymal per¬ 
fusion and an elevated RI. 

Vasculitis 

In polyarteritis nodosa, thrombocytopenic purpura and haemolytic 
uraemic syndrome the resistance index is elevated and cortical per¬ 
fusion is decreased. In severe cases the decreased cortical perfusion 
is sufficiently marked to be subjectively appreciated on a colour 
Doppler study. It has been shown that the level of the RI may 
predict the outcome of haemolytic uraemic syndrome in children. 18 

Hepatorenal syndrome 

The resistance index tends to be very high in hepatorenal syn¬ 
drome. An elevated RI in patients with severe hepatic failure, even 
with a normal creatinine level, indicates a high probability of renal 
dysfunction or failure following hepatic transplantation. 19 

Chronic renal failure 

Failed kidneys, whatever the cause, show reduced parenchymal 
perfusion and a damped waveform in the peripheral arteries. 


ACUTE URETERIC OBSTRUCTION 

Acute ureteric obstruction causes a degree of renal shutdown as a 
physiological protective mechanism. The biochemical pathway by 
which this is achieved is well documented and results in arteriolar 
vasoconstriction, reduced diastolic flow and elevation of the RI. 
Shutdown occurs a few hours after onset of obstruction, but timing 
is variable, as is the degree of shutdown. 

The reduction in diastolic flow, although small, has been used to 
aid in the diagnosis of acute obstruction. 20-23 The RI is usually com¬ 
pared in both kidneys. The difference should be less than 0.6 to 1 
(published values vary). The use of non-contrast CT (CT KUB) in 
suspected ureteric calculus has resulted in Doppler studies being 
seldom used for this purpose. They are used in pregnant women, 
however, to help distinguish physiological dilatation of pregnancy 
from calculus obstruction. In physiological dilatation of pregnancy 
the RI is normal. 
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INTRODUCTION 


The kidneys are routinely examined as part of an abdominal or 
pelvic ultrasound scan, which is often being performed for diag¬ 
nostic reasons other than renal symptoms. Likewise, the kidneys 
are necessarily seen during CT examination of the abdomen. Renal 
pathology is common, so it is not surprising that many focal renal 
lesions are detected incidentally during investigation for other 
symptoms. The commonest incidental renal lesion that may be 
found is a simple renal cyst. Ultrasound has a very high accuracy 
in cyst characterisation. Finding a solid renal tumour as an inciden¬ 
tal finding confers a prognostic advantage over those whose 
tumours are found because of symptoms. It is important that the 
operator knows which incidental renal lesions can be safely catego¬ 
rised and ignored and those that need further investigation and 
treatment. 


SIMPLE RENAL CYSTS 


Simple renal cysts are the commonest renal mass lesion. They 
become more prevalent with increasing age and are a normal part 
of the process of ageing. Some believe cyst formation is related to 
nephron loss. Multiple cysts are common in patients with advanced 
renal disease so there is a hypothesis that even isolated cysts may 
be associated with early nephron loss. This is supported by the 
finding that renal length is less in those with cysts. 1 There is, 
however, dispute as to whether renal function is less in those with 
one or two cysts. Some authors have found a relationship, 2 whereas 
others have found no evidence of a decreased glomerular filtration 
rate. 3 It is certainly clear that multiple cysts are associated with a 
raised serum creatinine. There is also some evidence of an associa¬ 
tion with hypertension and multiple 3 or giant cysts. The mechanism 
may be mechanical compression of the renal arteries causing a 
functional stenosis; drainage of a giant cyst has been reported to 
cause normalisation of blood pressure. 4 

Prevalence 


The prevalence of simple cysts increases with age: 4.3% in those 
aged 29 years or less, 15.3% in the fourth decade, 21.8% in the fifth 
decade, 23.3% in the sixth decade and 32.6% in those aged over 60. 5 
Different ethnic populations report different incidences, with a 
Middle Eastern study giving an overall prevalence of 4.2%, 6 and a 
Chinese study 10.7%. 7 Obviously the age distribution studied will 
influence the overall prevalence. Cysts are generally twice as 
common in men as in women. 

Natural history 


The majority of simple renal cysts will increase in size with time. 
There is also an increase in the number of cysts with time. On 
average cysts increase by 1.6 mm or 3.9% per year, 8 with a tendency 
for size increase to be more rapid in younger patients. The rate and 
pattern of growth of benign cysts is no different to that of cysts that 
harbour neoplasia. 

Symptoms 


The vast majority of simple cysts are asymptomatic. Large cysts 
may be symptomatic due to pressure effects on adjacent structures, 
leading to discomfort, haematuria, hypertension and urinary 
obstruction. Simple cysts may become symptomatic when they 
undergo a complication such as haemorrhage, infection or rupture. 9 

Rupture is associated with severe abdominal pain and haematu¬ 
ria and may be spontaneous, iatrogenic or traumatic in origin. 
Treatment is conservative and following rupture a cyst may disap¬ 
pear for ever. 

The great majority of cysts require no treatment. Intervention is 
only required for symptomatic cysts that affect renal function. This 
intervention can be surgical or radiological. Ultrasound-guided 











Simple renal cysts 


aspiration with continuous negative-pressure drainage or aspira¬ 
tion and then instillation of a sclerosing agent such as alcohol, tet¬ 
racycline or acetic acid can give success rates in relieving symptoms 
of 75-95%. Different authors advocate different techniques; for 
example, one paper showed that giant cysts are best treated with 
continuous negative-pressure drainage 10 and another showed acetic 
acid is better than alcohol. 11 Surgery is usually laparoscopic and 
may involve excision or marsupialisation of the cyst. 

Ultrasound features 


The typical ultrasound features are of a hypoechoic fluid collection 
arising from the kidney with the following features (Fig. 26.1): 

■ no internal echoes 

■ a rounded or oval shape 

■ increased through transmission of sound 

■ an imperceptible, smooth wall with a sharply defined margin 

■ no signal on colour Doppler. 

Vessels seen on colour Doppler are deviated around a cyst. Cysts 
usually arise in the cortex and may be exophytic. Cyst sizes range 
from a few millimetres to many centimetres. The smaller cysts less 
than 2 cm in size may show internal echoes due to partial volume 
effects from the adjacent tissue because the ultrasound beam has 
width. Cysts of a few millimetres may also not show distal acoustic 
enhancement for the same reason. Reverberation echoes from 
strong proximal reflectors such as the skin surface may occur within 
a cyst (Fig. 26.2). These should fade out the deeper into the cyst they 
go and harmonic imaging will help reduce their appearance. 

A renal cyst should show contact with the kidney it arises from 
and the 'beak' sign of a small amount of renal tissue extending 
around its margin should be present (Fig. 26.3). Occasionally other 
adjacent organs may produce cysts, such as in the adrenal gland, 
the pancreatic tail or in the retroperitoneum. If these lesions are 
large it may be difficult to separate them from the kidney and 
identify their organ of origin. Differential movement of the kidney 
and the cyst during respiration indicates that the kidney is not the 
source of the cyst. 



Figure 26.1 Simple renal cyst (between cursors) on the upper 
pole of the kidney. Note the increased through transmission of 
sound and the clearly defined margins. 


Differential diagnosis 


Any other fluid-containing structure can potentially mimic the 
appearance of a simple cyst; for example, dilated calyces in hydrone¬ 
phrosis, a calyceal diverticulum, a large extrarenal pelvis, aneu¬ 
rysm, abscess, perinephric collection, and haematoma can all cause 
confusion. Some solid lesions might do the same, most commonly 
a prominent pyramid in an echogenic cortex. Good examination 
technique and assessing adjacent structures, as well as checking the 
clinical history and signs, will help avoid these mistakes. 

Malignant transformation of an established simple cyst is excep¬ 
tionally rare and may never happen but it is possible for a renal cell 
carcinoma to present as an apparently simple cyst initially. 12 Reports 
of these rare malignant, simple cysts usually show that the cyst is 
large and symptomatic in its own right at presentation. Likewise, 
in endemic areas of the world, hydatid disease may very rarely 
present as a simple renal cyst. 13 Consequently, some caution needs 
to be exercised before dismissing a lesion as a simple cyst; but once 
the diagnosis of a simple cyst is established, then no further imaging 
follow-up is necessary. 



Figure 26.2 Reverberation artefact. The near wall of the renal 
cyst closest to the transducer is obscured by reverberation echoes 
arising from the strongly reflective subcutaneous fat. 



Figure 26.3 ‘Beak’ sign. The margins of the kidney extend around 
the cyst to form a small beak of renal tissue - this confirms the cyst 
is renal in origin. 
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Multiple simple cysts 


The likelihood of finding more than one cyst in a kidney increases 
with age. Each cyst should retain the characteristics of a simple cyst. 

Simple renal cysts 

• Commonest renal mass lesion. 

• Increase in prevalence with age. 

• Increase in size with age. 

• Usually asymptomatic. 

• Symptoms due to local pressure effects, infection and 
haemorrhage. 

• Malignant transformation virtually never occurs. 



Figure 26.4 Multiple simple renal cysts. The kidney is normal 
size and has several large simple cysts distorting its outline. The 
fine septations seen in one of the cysts do not stop it being 
regarded as simple. 


Some syndromes produce multiple renal cysts, but once established 
these syndromes usually have innumerable cysts affecting both 
kidneys equally. Multiple simple cysts associated with the normal 
ageing process may affect the two kidneys in an asymmetric way 
and they will always remain countable. The cysts are often of dis¬ 
parate size (Fig. 26.4). 


COMPLICATED RENAL CYSTS 


Complicated renal cyst refers to any cyst that does not display 
entirely simple features. The aim is to identify those features that 
raise the likelihood of underlying haemorrhage, infection, ischae¬ 
mia or malignancy and also to identify those cysts that even though 
complicated need no further action. 

Septations 


A few fine septations of less than 1 mm thickness do not stop a cyst 
from being regarded as simple. An arbitrary distinction exists that 
when a cyst contains more than three or four septations, it is termed 
multiloculated. The concern arises when septations are thicker than 
a millimetre or show nodularity. It has been suggested that finding 
cysts within septa is a marker of malignancy in paediatric cysts. 14 
Alternatively, finding blood flow in a septum with colour 
Doppler, particularly high-velocity pulsatile flow, is a marker of 
malignancy. 15 More recently, work has concentrated on the role of 
contrast-enhanced ultrasound in detecting malignancy. There is a 
tendency for the contrast-enhanced ultrasound to upgrade the level 
of concern over a cyst compared with multislice CT scans 16 and there 
is some evidence that the diagnosis of cystic malignancy is more 
accurate with contrast-enhanced ultrasound. 17 All of this work is 
based on the Bosniak grading system derived from his seminal paper 
on CT grading published in 1986. 18 There have been numerous 
papers proving the worth of the system and updating its relevance 
to modern scanners and contrast-enhanced ultrasound (Table 26.1). 


Table 26.1 

Bosniak renal cyst classification system 


Category 1 

Benign simple cyst with imperceptible wall that does not contain 
septa, calcifications or solid components. Water attenuation is 
seen at CT and the contents are anechoic at US. No enhancement 
is seen with contrast agents 

No intervention needed 

Category II 

Benign cystic lesion that may contain a few thin (<1 mm) septa 
(Fig. 26.5A) in which perceived but not measurable contrast 
enhancement may be found at CT. Likewise, a few microbubbles 
of contrast agent may be seen in the septa at US. Fine 
calcification or a short segment of slightly thickened calcification 
may be seen in the septa. Hyperdense cysts on CT of less than 

3 cm size and with no complexity or enhancement are in this 
group too 

No intervention needed 

Category IIF 

Cysts may contain multiple thin (<1 mm) septa. There may be 
minimal thickening of wall or septa (Fig. 26.5B), which may contain 
calcification that may be thick and nodular (Fig. 26.5C). Perceived 
but not measurable enhancement of thin septa at CT or a few 
microbubbles seen at US are allowed but there are no enhancing 
soft tissue components. Totally intrarenal, non-enhancing, 
hyperdense cysts of less than 3 cm at CT are included in this group 

Lesions are thought to be benign but 
follow-up is needed to prove the stability 
of the lesion. Risk of malignancy 5% 

Category III 

Cystic masses with thickened irregular or smooth walls or septa 
and in which there is measurable enhancement present. This 
category includes complicated haemorrhagic or infected cysts, 
multilocular cystic nephroma and cystic neoplasms (Fig. 26.5D) 

Surgical intervention is needed as 
neoplasm cannot be excluded. Histology 
is needed for diagnosis. Risk of 
malignancy 25-100% 

Category IV 

Clearly malignant cystic masses which as well as enhancing walls 
and septa also have distinct enhancing soft tissue components 
independent of a wall or septa (Fig. 26.5E, F) 

Clearly malignant and need to be removed 


From Ascenti et al . 19 and based on Israel and Bosniak . 20 
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Figure 26.5 A sequence of cysts to illustrate the Bosniak categories. A: A single fine septum is seen, placing this cyst in category 
II. B: The septa show minimal thickening, category IIF. C: There is nodular calcification on the septa, category IIF. D: There is a more 
complex area adjacent to the septa that showed enhancement on CT, category III. E and F: Frankly malignant lesion with an obvious solid 
component, category IV, shown on US (E) and CT (F). 




Figure 26.6 Clot retraction in a haemorrhagic renal cyst. The overview (A) and a more magnified view (B) of the organised echoes in 
one of the cysts. These represent clot within the cyst. 
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Haemorrhage 


Cysts should have anechoic contents; when this is not the case, the 
echoes may be due to haemorrhage, infection, proteinaceous mate¬ 
rial or colloid. The rate of haemorrhage into simple cysts is based 
on studies predating the advent of sophisticated ultrasound, but is 
usually quoted as about 6%. There is a greater rate of haemorrhage 
in patients with polycystic kidney disease, which is, in part, due to 
the great number of cysts present and their greater vulnerability to 
trauma because of the large size of the kidneys. A fresh haemor¬ 
rhage is anechoic, gaining echoes over time. These echoes may settle 
out to form layers. Eventually, clot retraction (Fig. 26.6), calcifica¬ 
tion and thickening of the cyst wall or formation of septa may occur. 
Haemorrhagic cysts are associated with malignancy. Haemorrhage 
is hyperdense on CT and is included in Bosniak's classification. 
Follow-up of haemorrhagic cysts is prudent either with US or CT 
to ensure they are benign. Conversely, benign haemorrhagic cysts 
may mimic malignancy and lead to unnecessary surgery. 21 Careful 
evaluation with contrast-enhanced US or CT should avoid this 
mishap. 

Perirenal haemorrhage (Fig. 26.7) is also associated with renal 
cystic disease, with large retroperitoneal bleeds 22 or haemoperito- 
neum 23 being reported in association with acquired cystic kidney 
disease in those on dialysis. Other renal mass lesions, such as angi- 
omyolipomas or renal cell carcinomas, may also produce perirenal 
haemorrhage. 24 The bleed may be large enough to obliterate the 
underlying lesion and mimic the features of a complex cystic mass. 
If initial imaging does not reveal the underlying cause it is impera¬ 
tive that follow-up imaging is performed once the haematoma has 
resolved to look for the underlying cause. It may take up to a year 
for a tumour to manifest itself. 25 

Infection 


A pre-existing cyst may become infected or an infection may mani¬ 
fest as an abscess or other complex cystic lesion. Infection of a pre¬ 
existing cyst is either via haematogenous spread or by direct 
inoculation during trauma or iatrogenic cyst puncture. 

A pre-existing cyst that has become infected may remain indis¬ 
tinguishable from a simple cyst or it may attain quite complex 
appearances. It is the clinical picture of fever, flank pain and a 
raised white cell count that points towards infection. Infected cysts 
may contain echogenic fluid, which may layer out with dependent 


debris (Fig. 26.8) and the walls may thicken up due to inflammatory 
change. Contained gas may be present. At this point, an infected 
cyst is to all intents and purposes no different to an abscess. Such 
an abscess may spontaneously rupture. 26 It is best to aspirate and 
drain infected cysts or abscesses as they are relatively resistant to 
antibiotic treatment. 

Patients with polycystic kidney disease may present with symp¬ 
toms of an infected cyst. It may be impossible to tell with ultrasound 
alone which of the many cysts is the infected one. Positron emission 
tomography combined with CT can allow accurate identification of 
the culprit. 27 

Hydatid (echinococcosis) cysts of the kidney represent a rare 
form of renal infection. Even though hydatid disease is endemic in 



Figure 26.7 CT scan showing a subcapsular haematoma 

compressing the renal substance. 



Figure 26.8 Debris. A: Layering of debris in the dependent portion of the cyst is seen secondary to infection. B: Similar layering out of 
debris is seen in this kidney with pyonephrosis. 
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Cysts with echogenic contents 

• First, ensure echoes are not due to artefact, such as 
reverberation. 

• Blood, pus, colloid and proteinaceous material may all look 
similar. 

• Clinical symptoms, such as fever, help to distinguish the lesions. 

• Blood will mature over time, becoming more echogenic and 
showing clot retraction. 

• Debris of any sort may form layers of echogenicity within 
the cyst. 

• An infected cyst will clinically behave much the same as a 
primary abscess. 

• Aspiration of infected cysts or abscesses is advised as they are 
relatively resistant to antibiotics. 


many parts of the world, renal involvement occurs in only 4% of 
confirmed hydatid disease. The commonest sites of involvement are 
hepatic (75%) or pulmonary (15%). Hydatiduria is the only specific 
sign of renal involvement and is rarely seen. Eosinophilia only 
occurs in about 50% of cases. Consequently, in endemic areas an 
open mind needs to be kept when evaluating cystic lesions. The 
characteristic features of daughter cysts within the main cyst, float¬ 
ing membranes and fine calcification are not reliably seen. Occa¬ 
sionally, hydatid may even present as a simple cyst. 13 Calcification 
of a hydatid cyst does not imply inactivity but can occur in all 
stages; 28 it is stability of the cyst over time that more reliably pre¬ 
dicts inactivity. 

Calcification 


Calcification is reported in 1-3% of renal cysts. 29 CT is usually better 
at detecting calcification than ultrasound. Bright foci in cyst walls 
or septa that show ring-down artefact are often seen on ultrasound 
but do not correlate with calcification on CT images. Most calcifica¬ 
tions have occurred as a result of a previous cyst complication, such 


as bleeding or inflammation. There is also an association of cyst 
calcification with malignancy so the art is to distinguish calcifica¬ 
tion that can be ignored from that which requires further investiga¬ 
tion. Israel and Bosniak have shown that the coexistence of 
enhancing soft tissue elements is far more important than the pres¬ 
ence of calcification in diagnosing malignancy. 30 Magnetic reso¬ 
nance (MR) scans are probably best at showing enhancement in 
calcified masses as calcification is less apparent on MR and does not 
detract from the appreciation of the enhancement. 

A smooth amount of calcification deposited around a wall or 
septum can be considered benign (Fig. 26.9). If the calcification is 
thick and nodular but without obvious enhancement then it can be 
followed up. Only if there is enhancement associated with the cal¬ 
cification should the lesion be considered surgical. 

Renal cyst calcifications are much commoner in patients with 
polycystic kidney disease (Fig. 26.10) with up to 50% of patients 
having calcifications. 31 Calcifications are commoner in those with 
larger kidneys and poor renal function. The greater number of 



Figure 26.10 A polycystic kidney showing a dense focus of 
calcification (arrow) with acoustic shadowing. 



Figure 26.9 Calcification. A: A small bright focus is seen on an otherwise thin septum in the cyst. This is a small benign calcification. 
B: Shows another example in a larger cyst. The calcification shows acoustic shadowing. Care needs to be taken to distinguish this from 
an erroneous diagnosis of a dilated renal pelvis containing a stone. 
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calcifications is merely a reflection of the greater propensity to cyst 
haemorrhage or infection seen in polycystic kidney disease. 

Milk of calcium cysts contain a colloidal suspension of calcium 
crystals (viscous collection of calcium carbonate, calcium phosphate 
or calcium oxalate); these gravitate to form a layer of dependent 
high-reflectivity, which is enough to form shadowing. These cysts 
are usually asymptomatic. They represent a calyceal diverticulum 
that has lost its communication with the collecting system. A pitfall 
is to mistake a milk of calcium cyst for a calculus, 32 though in some 
cases of stasis, milk of calcium may form in calyces. Demonstrating 
the characteristic layering is diagnostic, but often better seen on CT. 

Cystic malignancy 


The initial premise of the Bosniak classification was to identify cysts 
that did not require surgery. Grades I and II do not need surgery, 
whereas grades III and IV should be offered surgery, with an 
increased likelihood of malignancy being found in the higher grade. 
An absence of change in grade IIF lesions helps support the conten¬ 
tion that they are benign. Some authors advocate biopsy of grade 
III lesions in an attempt to avoid unnecessary surgery, 33 though 
there is always the problem of sampling error leading to a false 
negative diagnosis, as well as the risk of tumour seeding down the 
needle track. The best chance of cure for renal cell carcinoma is 
excision of the primary mass before it has metastasised, hence a 
high index of suspicion needs to be maintained for cystic masses. 
Approximately 1 in 10 renal cell carcinomas will manifest primarily 
as a cystic mass. The presence of enhancement with intravenous 
contrast agents (on ultrasound, CT or MR) dramatically increases 
the likelihood that a lesion is malignant. 

Extensively cystic renal neoplasms such as might be classified as 
Bosniak II or III lesions fall into one of three diagnoses: multilocular 
cystic renal cell carcinoma, cystic nephroma and mixed epithelial 
and stromal tumour (MEST) of the kidney. 34 These conditions are 
indistinguishable preoperatively and biopsy is often misleading. 
Multilocular cystic renal cell carcinoma probably only forms 4% of 
all renal cell carcinomas (Fig. 26.II). 35 Whatever the diagnosis, 
prognosis is generally good and nephron-sparing surgery should 
be considered. 

Most renal cell carcinomas showing central cystic change are 
unilocular with thick irregular walls because they have undergone 


central necrosis (50%). The cystic component usually shows low- 
level echoes. Next most commonly (30%), a cystic mass might have 
several cystic spaces with thick nodular intervening masses con¬ 
taining adenocarcinoma. Asymmetric necrosis of a carcinoma pro¬ 
duces a cystic mass with a solid mass eccentrically placed in its wall 
(Fig. 26.12). 36 These three patterns with their substantial solid com¬ 
ponents are quite different to the lesions described in the previous 
paragraph and will all fall into the Bosniak IV category requiring 
surgery. 



Figure 26.11 Renal cell carcinoma. A coronal reformatted image 
from a CT scan showing a multilocular cystic renal cell carcinoma 
at the upper pole of the right kidney. 



Figure 26.12 Asymmetric necrosis. Ultrasound (A) and CT (B) of a renal cell cancer that has shown asymmetric necrosis to produce a 
cystic mass with an eccentrically placed solid mass in its wall. 
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Figure 26.13 A kidney with an abnormally echo-bright cortex. 

This is causing one of the inferior pole pyramids to stand out as an 
echo-poor structure (arrowhead) - it is not a cyst. 



Figure 26.14 This small cystic structure with a central 
echogenic focus represents papillary necrosis with a central 
sloughed papilla. 


Cystic malignancy 

• The Bosniak classification helps to identify those cysts that do 
not need intervention or follow-up. 

• Enhancing soft tissue elements in a cystic mass are most 
important in the diagnosis of malignancy. 

• Most cystic tumours are those solid lesions that have undergone 
necrosis and liquefaction. 

• Calcification alone is not a good marker of malignancy. 

• Primary cystic renal cell carcinomas are usually multilocular and 
may be indistinguishable on imaging from benign diagnoses such 
as cystic nephroma. 

• Renal cell carcinoma can very rarely present as an apparently 
simple cyst, but they are usually large and symptomatic in their 
own right. 


DIFFERENTIAL DIAGNOSIS OF 
A RENAL CYST 


Pyramids 


Sonographically the pyramids show as evenly spaced, echo-poor, 
inverted triangles pointing toward the renal pelvis. When the renal 
cortex is echo-bright then the pyramids can stand out very clearly 
and mimic the presence of small cysts (Fig. 26.13). Normal paedi¬ 
atric kidneys have a bright cortex. Adults show a bright cortex as 
a non-specific response to intrinsic renal disease such as glomeru¬ 
lonephritis, acute tubular necrosis or acute transplant rejection. 

Renal papillary necrosis 


This may manifest as single or multiple small cystic cavities within 
the medullary pyramids. They may be continuous with the calyces 
and be associated with hydronephrosis. One characteristic feature 
is that the cystic cavity may contain an echogenic focus which may 
even be calcified; these represent the sloughed papilla (Fig. 26.14). 

Calyceal and renal pelvic diverticula 


Fluid-containing lesions that communicate with the renal collecting 
system can be impossible to distinguish from renal cysts on ultra¬ 
sound alone. The presence of milk of calcium can help (Fig. 26.15). 


CT urography or conventional urography is required to demon¬ 
strate the connection, with excreted contrast medium entering the 
diverticulum. 

Dilated pelvicalyceal system 


Errors of diagnosis can occur both ways; peripelvic cysts can mimic 
hydronephrosis and obstructed calyces (Fig. 26.16) may mimic a 
cyst. Ideally the communication between the different parts of the 
dilated pelvicalyceal system should provide the diagnosis but 
sometimes these communications may be hard to see on ultrasound 
or they may be pathologically absent. An example would be an 
obstructed calyx due to tumour, appearing like an isolated cyst. 
Alternatively, multiple peripelvic cysts can falsely seem to com¬ 
municate with each other because of artefactual signal drop-out 
from the walls. 

Classically, the obstructed upper moiety of a duplex kidney may 
simulate an upper pole renal cyst. This mistake is most easily made 
if the obstruction occurred in utero so that the surrounding cortex 
has had time to become atrophic and non-functioning (Fig. 26.17). 
Similar appearances do also occur following obstruction to an 
upper moiety in adulthood but it is more likely that the structure 
of the branching calyceal system will be maintained. Finding a 
ureterocele in the bladder may aid diagnosis. 

Chronic obstruction at the pelvi-ureteric junction can lead to com¬ 
plete atrophy of the renal cortex, leaving the residual appearance 
of a large cyst. The later in life this occurs, the more likely there will 
still be structural features of a branching calyceal system remaining. 
A dilated extrarenal pelvis should not be confused with a parapel- 
vic cyst once the communication with the rest of the calyceal system 
is identified. 

CT urography is the best way to establish whether there is com¬ 
munication or not between the lesion and the pelvicalyceal system. 
Alternatively, it has been shown that measuring the size of the 'cyst' 
before and after a 1.5 litre fluid load will distinguish between a cyst 
and renal obstruction; an increase in size of the lesion indicates 
renal obstruction. 37 This technique does require the kidney to have 
some function, otherwise it does not work. 

Lymphatic cysts 


Cysts in the renal sinus are found in two forms: parapelvic and 
peripelvic. 38 Parapelvic cysts are parenchymal in origin and are 
similar to any other simple cortical cyst (Fig. 26.18). They are usually 
solitary and seen in 1.5% of autopsies. Peripelvic cysts arise by 
lymphatic ectasia and are usually multiple and septated. They often 
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Figure 26.15 Two views of a paracalyceal cyst containing milk of calcium. This casts an acoustic shadow. 



Figure 26.16 A hydronephrotic kidney, imaged so that only the 
evenly spaced dilated calyces are seen. These might be mistaken 
for cysts were it not for other imaging planes showing they are part 
of the pelvicalyceal system. 



Figure 26.17 A fetal example of an obstructed upper moiety in a duplex kidney resembling a cyst (A) and associated with a 
ureterocele (B). 








Differential diagnosis of a renal cyst 


are elongated and run alongside the adjacent pelvicalyceal system 
(Fig. 26.19). 

Renal lymphangiectasia and lymphangiomas are part of the same 
spectrum of lymphatic ectasia and may occur in the peripelvic 
space or perirenal space. 39 The usual diagnostic error is to confuse 
them with hydronephrosis rather than cysts. 40 Very rarely, the lym¬ 
phangioma is shown to communicate with the excretory system. 41 
Peripelvic lymphangiectasia is associated with perivascular cysts 
(probably dilated lymph vessels), most easily seen in the peri-aortic 
space. Perirenal cysts seen in lymphangiectasia appear to arise in a 
capsular location rather than from the renal cortex. 42 

Lymphangiectasia and lymphangiomas are benign lesions. Inter¬ 
vention is only needed if they are causing pain by local space- 
occupying effects. Occasionally, resection of a lesion thought to be 



Figure 26.18 A parapelvic cyst. These are usually single as seen 
here; they arise from the cortex and are identical to any other 
cortical cyst. 


a cystic neoplasm preoperatively turns out to be a lymphangioma 
on postoperative histology. 

Haematoma 


A recent haematoma may be indistinguishable from a cyst. The 
diagnosis should be suspected if there is a history of trauma. 
Sequential ultrasound scans will show development of echoes 
within the lesion as it matures and eventually clot retraction (a 
pattern analogous to the maturation of a haemorrhagic ovarian 
cyst). Doppler ultrasound is useful to show that the kidney is still 
perfused after renal trauma. Iatrogenic trauma, usually following 
biopsy, may show a focal haematoma and be associated with aneu¬ 
rysm or arteriovenous fistula formation. Despite this, most iatro¬ 
genic haematomas or arteriovenous fistulae are not associated with 
long-term sequelae and usually resolve spontaneously. 43 Contrast- 
enhanced CT is the preferred imaging modality in the assessment 
of blunt renal trauma. It not only shows the renal trauma but is 
sensitive for associated trauma to other abdominal viscera. 

Some haematomas occur spontaneously as a result of an unsus¬ 
pected underlying lesion such as an angiomyolipoma. 44 Other 
tumours are also implicated, e.g. metastatic trophoblastic tumour. 45 
These spontaneous bleeds usually adopt a subcapsular location and 
compress the underlying parenchyma (Fig. 26.20). Rarely, over the 
long term, osmotic forces may cause the subcapsular haematoma 
to swell and compress the kidney enough to compromise its func¬ 
tion - the so-called 'page' kidney. The compressed kidney may be 
hard to discern around the margin of the 'cyst' on ultrasound. 

Arteriovenous malformations and 
aneurysms 


Arteriovenous malformations and aneurysms (Fig. 26.21) 
may appear identical to a simple cyst on greyscale ultrasound. 
Big dilated veins may mimic a dilated pelvicalyceal system. These 



Figure 26.19 Peripelvic cysts. Ultrasound (A) shows elongated cysts paralleling the course of the pelvicalyceal system. They are easy to 
mistake for hydronephrosis but CT urography (B) shows the contrast-filled pelvicalyceal system running between the cysts. 
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entities, however, show no diagnostic difficulty once they are inter¬ 
rogated with colour Doppler ultrasound, although some care 
needs to be taken with lesions showing very low, slow flow with 
compensatory adjustment of the Doppler parameters to allow 
detection. Occasionally CT will misinterpret a venous varix as an 
enhancing mass. 46 These vascular anomalies may have no symp¬ 
toms and can be picked up incidentally on investigations done for 
other purposes. 47 

Renal abscess 


Before antibiotics, haematogenous spread of Staphylococcus aureus 
was the common cause of renal and perirenal abscess formation. In 
recent times, it is more common for infection to be caused by 
Escherichia coli and Klebsiella pneumoniae from ascending infections 



Figure 26.20 The subcapsular haematoma shows as an 
echogenic collection (arrowheads) compressing the kidney (arrows) 
beneath it. 


of the lower urinary tract. 48 Renal abscesses from haematogenous 
spread usually arise in the renal cortex and those from ascending 
infection in the medulla. Perirenal abscesses arise from rupture of 
a renal abscess or direct haematogenous spread. Common underly¬ 
ing conditions include diabetes mellitus, cirrhosis, urinary obstruc¬ 
tion and stones. 

Ultrasound signs may be non-specific initially, showing global 
enlargement of the kidney and a focal mass (Fig. 26.22). If progres¬ 
sion to true abscess occurs then typical appearances are of a thick- 
walled mass with a liquefied centre containing turbid echoes (Fig. 
26.23). CT outperforms ultrasound in identifying abscess forma¬ 
tion 49 and is indicated if ultrasound is inconclusive. Ultrasound 
alone has a risk of incorrect diagnosis about 14 times higher than 
when combined with CT scan. Ultrasound tends to miss perine¬ 
phric abscesses associated with pyonephrosis, and gas-forming 
abscesses. Emphysematous infections carry a risk of misdiagnosis 
19 times greater with ultrasound alone than with CT. CT is also 
better at identifying underlying stones than ultrasound. Ultrasound 
is particularly insensitive to mid-ureteric calculi. 



Figure 26.22 The upper half of this kidney can be seen to be 
swollen and of increased echogenicity compared to the lower half. 
This patient had typical symptoms of flank pain and fever. These 
are the appearances of a focal pyelonephritis. 



Figure 26.21 Aneurysm. The sonolucent structure by the hilum of this transplant kidney could be mistaken for a cyst on greyscale 
ultrasound (A) but power Doppler (B) clearly shows it is an aneurysm containing blood flow. 
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Figure 26.23 A small focal cystic collection (arrow) in the 
interpolar cortex of the kidney. Given the patient’s symptoms of 
fever and flank pain, this is a small abscess. 


The appearances of infected cysts have been discussed above 
(Fig. 26.24). If they progress to abscess formation they may be 
indistinguishable from a primary abscess. Depending on the size of 
the abscess and the patient's symptoms, ultrasound can be used to 
guide drainage of an abscess or to monitor its resolution with anti¬ 
biotic therapy. 

Multilocular cystic nephroma/mixed 
epithelial and stromal tumour (MEST) 


A multilocular cystic nephroma is a rare lesion that is classically 
characterised as a discrete, unilateral collection of anechoic, non¬ 
communicating cysts, all grouped within a thick fibrous capsule 
(Fig. 26.25). If the individual cysts are small the overall lesion may 
appear as a more solid mass. No mural nodules are seen but there 
may be fine calcification. Typically, these lesions are seen in boys 
less than 2 years of age or in women in their fifth and sixth decades. 
Pathological disagreement in the past has led to an array of syno¬ 
nyms: benign cystic nephroma, cystic hamartoma, multilocular 
cystadenoma, cystic Wilms' tumour, benign cystic differentiated 
nephroblastoma, and segmental polycystic kidney, to name a few. 



Figure 26.24 Infected cysts may look identical to a thick-walled abscess and have uniform internal echoes (A). Layering of debris may 
also occur (B). 



Figure 26.25 Cystic nephroma. A and B: Two examples of a focal collection of cysts surrounded by a capsule as seen in cystic 
nephromas. Differentiation from a multilocular cystic carcinoma can be impossible preoperatively. 
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Recently described is a new entity, the mixed epithelial and 
stromal tumour. It is likely that this forms part of the same spectrum 
as a multilocular cystic nephroma. 50 Morphologically they are the 
same, with multiple non-communicating cysts, though there are 
histological differences. 

The difficulty with these lesions, be they cystic nephroma (CN) 
or MEST, is to distinguish them from multilocular cystic malig¬ 
nancy. Other potential diagnostic confusions can exist with multi- 
cystic dysplastic kidney or abscesses. Both CN and MEST are likely 
to be graded as Bosniak III lesions on imaging, with MEST more 
likely to show enhancing nodules. Both CN and MEST are benign 
entities that are usually treated with excision, the true diagnosis 
being made following resection. One series, however, reports two 
patients with CN having concomitant renal cell carcinomas and one 
patient with MEST having a sarcomatous component. 51 

Localised cystic disease 


Simple renal cysts may occur in an asymmetric fashion and occa¬ 
sionally the only cysts present will be clustered together in one part 
of one kidney. It should be possible to identify each cyst as a sepa¬ 
rate entity, although if cysts are abutting each other their walls may 
be mistaken for a dividing septum in a single cyst. Other differential 
possibilities to be kept in mind are multicystic dysplastic change in 
one moiety of a duplex kidney or focal dilation of one part of the 
collecting system. 


Differential diagnosis of a renal cyst 

• Medullary pyramids - evenly spaced, triangular shape. 

• Papillary necrosis - typical position of a pyramid and may contain 
an echogenic focus. 

• Hydronephrosis - dilated calyces show communication with each 
other. 

• Lymphatic cysts - may be impossible to distinguish from the 
pelvicalyceal system without using CT urography. 

• Haematoma - recent history of trauma is helpful. Look for an 
underlying lesion. 

• Aneurysms - colour Doppler helps avoid misdiagnosis. 

• Abscesses - clinical features of fever and raised white cell count. 

• Hydatid - be aware of this in people from endemic areas. 

• Cystic nephroma - multiloculated benign tumours; diagnosis may 
not be possible without histology. 


CYST[C DISEASES OF THEKIDNEY 

This group of cystic diseases includes inherited, developmental and 
acquired cystic diseases. Pathologically there are many diagnoses: 
polycystic kidney disease, dominant or recessive; multicystic dys¬ 
plastic kidney; pluricystic kidney of the multiple malformation 
syndromes; juvenile nephronophthisis and medullary cystic 
disease, medullary sponge kidney, primary glomerulocystic 
disease; glomerulocystic kidneys associated with systemic disor¬ 
ders; cystic kidney in tuberous sclerosis and in von Hippel-Lindau 
disease; and acquired cystic renal disease of long-term dialysis, to 
name a few. 52 Sometimes clinical and gross appearances are enough 
to characterise the disease and in others histological and molecular 
studies will be needed. 

Acquired cystic kidney disease (ACKD) 


This describes the process of cyst formation in a non-cystic failing 
kidney. Cysts form from dilated renal tubules and increase in size 
and number with the length of renal insufficiency. 53 The tubules 


may be obstructed by oxalate crystals, interstitial fibrosis or hyper¬ 
plasia. Cysts continue to form in end-stage failure and development 
of ACKD is associated with being on dialysis, whether haemodialy¬ 
sis or peritoneal. Men are much more commonly affected. The rate 
of increase in size is greatest in young men and this may mimic the 
onset of polycystic disease. The longer someone has been on dialy¬ 
sis the more likely they are to have ACKD. Transplantation of a 
functioning kidney gives protection against the development of 
ACKD and may even cause some changes to regress. There is a 
well-known association with cystic renal cell carcinoma, occurring 
in 19% of those with ACKD. 53 Failure of a cyst to regress following 
transplantation when all the other cysts are regressing is suspicious 
for the development of renal cell carcinoma. The Bosniak classifica¬ 
tion is useful to assess the risk of malignancy in each cyst, but since 
the likelihood of renal carcinoma in complicated cysts of ACKD is 
high (about 50%), it is prudent to offer resection even in Bosniak 
IIF lesions. 

Most patients with ACKD are asymptomatic but flank pain, hae- 
maturia and colic may develop if the cysts rupture or bleed. 

Typical ultrasound features are of a small, bright kidney contain¬ 
ing a number of small (0.5-3.0 cm) cysts, either cortical or medul¬ 
lary (Fig. 26.26). Cysts are commoner at areas of scarring. If enough 
cysts develop the kidney may become enlarged. Small cysts may be 
indistinguishable from solid lesions. Haemorrhagic complications 
have the same imaging appearances as in other cysts. One series 
showed that over a 7-year period, 17% of ACKD patients suffered 
large haemorrhagic cysts and 13% large perinephric haematomas. 54 
If patients are also being treated with anticoagulants, then episodes 
of haemorrhage are more likely to occur and they may be large 
enough to be life-threatening. 

Interestingly, the transplant kidney, even if left in place after it 
has failed, almost never develops ACKD. 


Acquired cystic kidney disease 

• Associated with dialysis, prevalence increasing with increasing 
length of dialysis. 

• Cysts of 0.5-3.0 cm form in failing kidneys that are not otherwise 
cystic. 

• Usually asymptomatic. 

• Commoner in men. 

• Renal transplantation provides protection against developing 
cysts. 

• Increases the likelihood of spontaneous renal haemorrhage. 

• Strong association with cystic renal cell carcinoma. 


Multicystic dysplastic kidney 


The aetiology of multicystic dysplastic kidney is thought to be 
ureteric atresia during early fetal life. It can affect one or both 
kidneys and can involve one moiety of a duplex kidney alone. The 
kidney or part of the kidney affected is necessarily non-functioning 
because of the ureteric atresia. Consequently, bilateral multicystic 
dysplastic kidney is incompatible with life - babies die at birth due 
to the pulmonary hypoplasia caused by the lack of liquor (liquor 
being essentially fetal urine). A single multicystic dysplastic kidney 
is, however, compatible with a normal life as the other kidney 
provides all the function. A multicystic dysplastic kidney often 
atrophies during childhood such that in later life the affected person 
only appears to have one kidney. Earlier concerns that the multi¬ 
cystic dysplastic kidney may be associated with development of 
tumour or hypertension appear to be unfounded, though surgeons 
may remove a persistent multicystic dysplastic kidney. The main 
clinical concern is the association with a contralateral uropathy in 
up to 40% of cases. This usually takes the form of either pelvi- 
ureteric obstruction or vesico-ureteric reflux. Reflux may cause the 







Cystic diseases of the kidney 


normal contralateral kidney to have reduced growth. 55 Most cases 
of multicystic dysplastic kidney are sporadic but there has been the 
occasional reported instance of familial recurrence. 56 

Ultrasound features are of numerous discrete cysts of varying 
sizes replacing all or nearly all of the renal substance (Fig. 26.27). 
The cysts show no inter-communication, distinguishing them from 
a hydronephrosis. The outline of the kidney is uneven due to the 
presence of the cysts. 

A similar process of post-obstructive cystic dysplasia (Fig. 26.28) 
of the kidney may occur as a response to urinary tract obstruction 
at other times in utero. In these instances, the kidney may show a 
hydronephrotic renal pelvis surrounded by a cortex replaced by 
innumerable cysts of different sizes. Otherwise, distinction from a 
true multicystic dysplastic kidney may be impossible on imaging. 
Ureteroceles are occasionally seen on the ipsilateral side to a mul¬ 
ticystic dysplastic kidney. 


Polycystic kidney disease 

Autosomal recessive polycystic kidney disease (ARPKD) may 
present in utero or in childhood and has been categorised into 
perinatal, neonatal, infantile and juvenile forms. All forms are 
caused by the same genetic defect related to chromosome 6p21. 57 
Pathologically the features are of bilateral kidney involvement 
with multiple microcysts and liver involvement with portal and 
interlobular fibrosis. The ultrasound features are of bilateral, sym¬ 
metrically enlarged, smooth-outlined kidneys (Fig. 26.29). They are 
of generally increased reflectivity due to the numerous interfaces 
provided by the microcysts (each being too small to individually 
resolve). Occasionally a discrete cyst may develop and the bright¬ 
ness of the kidney may reduce around its periphery as the size of 
the microcyst expands. The kidneys may appear normal initially. 
A not uncommon scenario is for the kidneys to look normal at the 



cysts. 


Figure 26.28 Longitudinal view of a fetal kidney with post¬ 
obstructive cystic dysplasia. 



Figure 26.27 Multicystic dysplastic kidney. A: Transverse view of the fetal abdomen shows a unilateral right multicystic dysplastic 
kidney between the cursors and a normal left kidney; prognosis is good. B: Bilateral multicystic dysplastic kidneys in a fetus; prognosis is 
poor as there is no urine production and hence no liquor. 
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Figure 26.29 Autosomal recessive polycystic kidney disease. A: Longitudinal view of a fetus with ARPKD. The kidneys are 
symmetrically smooth, bright and large. There is no liquor, indicating these kidneys have ceased to function. B: Pathological specimen of 
an autosomal recessive polycystic kidney showing numerous tiny elongated cysts peripherally. 


time of the 20-week in-utero anatomy scan but to have become 
enlarged and non-functioning by term pregnancy If the condition 
is diagnosed in utero, then the prognosis is generally poor and the 
baby may succumb at birth due to underdeveloped lungs caused 
by a lack of liquor. Those that have a lesser degree of renal involve¬ 
ment are usually diagnosed at a later age; they may have better 
renal function but will suffer from portal hypertension secondary 
to the hepatic cysts and periportal fibrosis. Children who survive 
the perinatal period have a better prognosis than is generally per¬ 
ceived. 58 The parents have a 1 in 4 chance of having another 
affected child. 

Autosomal dominant polycystic kidney disease (ADPKD) usually 
presents in the fourth or fifth decade of life with renal impairment, 
hypertension, haematuria and abdominal pain. The commonest 
mode of presentation is with hypertension. 59 The condition may 
also be detected serendipitously during ultrasound imaging for 
other reasons. ADPKD is caused by a mutation in PKD1 (chromo¬ 
some 16pl3.3) or PKD2 (chromosome 4q21-23). 60 Those with the 
PKD2 mutation show a lesser severity of disease. Screening of off¬ 
spring of affected adults is normally by ultrasound. The essence of 
the test is that renal cysts in normal people are rare below the age 
of 30 so detection of cysts forms the basis of diagnosis. The criteria 
have been modified recently so that if the genotype of the family is 
unknown, those with the less severe PKD2 form will not be missed. 61 
The presence of three or more renal cysts (unilateral or bilateral) in 
those aged 15 to 39 years, two or more cysts in each kidney at ages 
40 to 59 years, and four or more cysts in each kidney for those over 
60 years of age is enough in the presence of an established family 
history to confirm the diagnosis. Conversely, an at-risk individual 
older than 40 years who has fewer than two renal cysts does not 
have the disease. 

Once the condition of ADPKD becomes established, innumerable 
renal cysts of varying sizes disrupt the normal architecture of the 
kidney and the kidneys become considerably enlarged (Fig. 26.30). 
The size of the kidneys is related to renal function and hyperten¬ 
sion; an increase in cyst volume correlates with decline in renal 
function. Magnetic resonance can be used to obtain volumes of the 
entire kidney in a reproducible fashion and show changes over as 
short a period as 6 months. 62 Liver cysts occur in up to 67% of those 


with ADPKD and increase in size and number with age. Women 
suffer more severe liver disease than men. Cysts may occur in other 
organs too, being reported in seminal vesicles, pancreas, spleen and 
ovary. 

Patients with ADPKD suffer from infective or haemorrhagic com¬ 
plications of their renal cysts. The symptoms and signs are the same 
as the same complication in someone with an isolated cyst but 
because there are so many cysts the frequency with which an 
ADPKD individual is affected is greater. It can be difficult to tell 
which cyst of the many present is responsible for the patient's 
symptoms. Positron emission tomography helps to identify the 
culprit. 27 Polycystic kidneys are more likely to suffer from trauma 
because they are enlarged. Calculi are seen in up to 20% of ADPKD 
patients. Smaller calculi usually pass spontaneously even if renal 
function is impaired. The management of larger calculi is compli¬ 
cated by the presence of the cysts, percutaneous techniques and 
lithotripsy being relatively contraindicated. 

Von Hippel-Lindau disease 


Von Hippel-Lindau disease is inherited in an autosomal dominant 
fashion with variable expression and penetrance of the gene and is 
characterised by the development of a variety of benign and 
malignant tumours. 63 The spectrum of clinical manifestation is 
wide. It usually presents after the second decade of life and will 
feature one or more of the following: renal cysts 75%; cerebellar 
haemangioblastoma 35-60%; retinal angiomatosis 50%; renal aden¬ 
ocarcinoma 25-45% (Fig. 26.31); phaeochromocytoma 10%; 
endolymphatic sac tumours; epididymal cystadenomas; and 
pancreatic cysts and tumours. The commonest causes of death 
are renal cell carcinomas and complications from cerebellar 
haemangioblastomas. 

Genetic testing is available, but, because the syndrome may man¬ 
ifest in many different ways, imaging is essential in identifying 
tumours. Screening is advocated as the tumours in von Hippel- 
Lindau disease are treatable and early detection allows more con¬ 
servative procedures, in turn improving the patient's length and 
quality of life. 






Cystic diseases of the kidney 



Figure 26.30 Autosomal dominant polycystic kidney disease on ultrasound (A) and coronal reformatted CT (B). Note the differing 
sizes of the cysts and that there are cysts in the liver. This is an advanced example with the kidneys greatly enlarged by innumerable cysts. 
Earlier in the onset of the disease the cysts may be much less numerous. 









Figure 26.31 Von Hippel-Lindau disease. Screening is used to detect the onset of renal disease with either cysts or solid tumours. 
A: A complex cyst developing next to a more simple cyst. Magnetic resonance (B, C) is a better tool to assess the kidneys once the 
initial lesions are detected by ultrasound screening. 


501 





CHAPTER 26 • Renal cystic disorders 


Renal cysts may be the first manifestation of the disease. Ultra¬ 
sound of the abdomen is used as a screening test in asymptomatic 
carriers of the gene. Renal cysts are usually cortical and measure 
0.5-3.0 cm in size. Once ultrasound screening detects a patient is 
affected by renal cysts, it is reasonable to proceed to MR for fol¬ 
low-up. This is because the renal adenocarcinomas that occur in 
conjunction with the cysts are multifocal and small within one 
kidney (87%) or bilateral (75%) and ultrasound is relatively insen¬ 
sitive in their detection. Nephron-sparing treatments are usually 
offered, either partial nephrectomy or radio-frequency ablation. 
Ultrasound may also identify cysts in the pancreas, liver and 
adrenals. 

Tuberous sclerosis complex 


Tuberous sclerosis is characterised by mental disability, seizures 
and cutaneous adenoma sebaceum. It is an autosomal dominant 
hereditary neurocutaneous disorder with hamartomatous lesions 
involving the brain, skin, kidney, heart and other organs. Renal 
manifestations are mainly angiomyolipomas, cysts and cancer. 64 
Renal lesions occur in 57% of patients and of these angiomyolipo¬ 
mas occurred in 85%, cysts in 45% and renal carcinoma in 4%. 65 
Renal cysts and angiomyolipomas may be the only manifestation 
of the disease in childhood, with an average age of onset of 11 years 
but some appearing as early as 3 years. Both cysts and angiomyol¬ 
ipomas increase in size and number with increasing age. Angiomy¬ 
olipomas are commoner in female patients but renal cysts are 
equally distributed between the sexes. 

The renal cysts have typical ultrasound features. Angiomyolipo¬ 
mas are seen as focal masses of increased echogenicity in the cortex, 
some of which are exophytic (Fig. 26.32). They are usually small in 
tuberous sclerosis but may be very numerous, replacing the entire 
renal substance (Fig. 26.33). Occasionally tuberous sclerosis patients 
may show larger angiomyolipomas. If they are larger than 4 cm, 
they have an increased chance of spontaneous bleeding. 

Medullary cystic disease 


This is a complex group of disorders comprising juvenile neph- 
ronophthisis, medullary cystic renal degeneration and renal retinal 
dysplasia. Extensive molecular work has enabled the identification 
of genes on chromosomes 1 and 16. 66 Presentation of these disorders 
is with renal failure in childhood or early adulthood. Since molecu¬ 
lar diagnostics are not yet a feasible clinical tool, ultrasound can be 
used for screening, though clinical acumen remains important. 67 

Ultrasound identifies four main findings: renal hyperechogenic¬ 
ity, poor corticomedullary differentiation, small kidney size and 
corticomedullary cysts. 68 These cysts may be multiple and usually 
1-2 cm in size. They lie in the medulla or at the corticomedullary 
junction and are thought to be dilated distal convoluted tubules. 
The cysts usually appear later in the course of the disease than the 
cortical hyperechogenicity. The outline of the kidneys remains 
smooth. 



Figure 26.32 Tuberous sclerosis may manifest very variably. 
This patient has a solitary, exophytic angiomyolipoma seen as a 
focal echogenic mass on ultrasound; 45% will have a simple renal 
cyst too. 


Syndromes with renal cysts 

• Multicystic dysplastic kidney - occurs in utero. Kidney is 
non-functioning. The bilateral form is fatal. Kidney has numerous 
cysts of varying size distorting its outline. 

• Autosomal recessive polycystic kidney disease - may present in 
utero. Both kidneys are symmetrically affected. Cysts are too 
small to resolve on ultrasound so kidneys look big, bright and 
smooth. 

• Autosomal dominant polycystic kidney disease - presents in 
fourth or fifth decade of life. Cysts are seen in both kidneys and 
the liver. Kidneys may become massively enlarged by cysts. 
Complications of infection, haemorrhage and renal failure occur. 

• Von Hippel-Lindau disease - autosomal dominant, usually 
presents in the second decade of life. Ultrasound screening used 
to look for renal cysts. Concern is the development of multifocal 
renal cell carcinomas. 

• Tuberous sclerosis - autosomal dominant but very variable in 
presentation. Renal cysts occur but the renal lesions of greatest 
concern are angiomyolipomas; these may bleed. 
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Figure 26.33 Tuberous sclerosis where the angiomyolipomas 
replace and enlarge the entire substance of the kidneys. 

A: Ultrasound shows a large kidney replaced by echo-bright 
masses. B: CT shows both kidneys are affected with the low- 
density fat in the angiomyolipomas standing out. C: The angiogram 
shows a large associated aneurysm responsible for a spontaneous 
bleed. 
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INTRODUCTION 


Cystic renal masses are the commonest renal mass lesions. They are 
discussed in Chapter 26. Solid renal masses, although less common 
than cysts, are still often detected serendipitously during cross- 
sectional imaging performed for other reasons. It has been the 


practice in the past to assume all solid renal masses are renal cell 
carcinoma, especially if they showed enhancement with contrast 
medium, proof being obtained only after radical nephrectomy. 
Nowadays, it is possible to recognise benign solid renal masses 
with imaging, so that surgery can be avoided. There are also a 
variety of pseudo-tumours that can mimic the presence of a true 
mass and provide a pitfall for the unwary. 


PSEUDO-TUMOURS 


Renal pseudo-tumours can be categorised as developmental, infec¬ 
tious, granulomatous or vascular in nature. 1 Ultrasound can iden¬ 
tify most of these lesions if care is taken, but on occasion recourse 
to CT or MRI will be needed to confirm their nature. 

Column of Bertin 


This is a normal part of the kidney, comprising normal cortical 
tissue extending between the renal pyramids and projecting into 
the renal sinus fat. This cortex can be hypertrophied and can resem¬ 
ble a mass (Fig. 27.1), often of slightly greater echogenicity than the 
cortex because of anisotrophy. It is most commonly seen in the 
middle third of the kidney and more frequently on the left than 
the right. If contrast medium is given, either ultrasonic microbub¬ 
bles or CT, the column of Bertin will show the same enhancement 
as normal cortex. 

Dromedary hump 


This is a focal bulge on the lateral margin of the left kidney, formed 
as an adaptation to the available space next to the spleen (Fig. 27.2). 
Enhancement with contrast agents is the same as normal cortex. 

Persistent fetal lobulation versus 
renal scarring 


The fetal kidneys have prominent lobes that may be separated by 
indentations on the cortical surface. These contours have usually 
diminished by birth but occasionally persist into adulthood. The 
indentations are positioned in between the renal pyramids, which 
is in contrast to true renal scarring from reflux nephropathy where 
the scar overlies the pyramid (Fig. 27.3). Cortical infarcts do produce 
scars between the pyramids, but they are usually isolated. The 
abnormality of the cortical contour produced by any of these mech¬ 
anisms may mimic the presence of a focal renal lesion. Likewise, 
preserved normal cortex within a very scarred kidney may mimic 
the appearance of a mass. 

Splenorenal fusion 


Heterotopic splenic tissue very rarely occurs within the kidney, 
either congenitally or secondarily due to splenosis following 
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Figure 27.1 Column of Bertin. This is a normal projection of cortical tissue into the renal sinus fat. It can appear slightly more echogenic 
than normal cortex and can appear mass-like due to hypertrophy as in A. Colour Doppler (B) shows the normal vascularity around the 
column. 



Figure 27.2 Dromedary hump. This is a normal variant seen on the left kidney only; a focal bulge on the lateral margin of the kidney that 
can simulate a mass, as in A. Colour Doppler (B) shows it to have normal vascularity. 


Categorisation of renal pseudo-tumours 1 

Developmental: 

• Columns of Bertin 

• Fetal lobulation 

• Dromedary hump 

• Splenorenal fusion 

• Cross-fused renal ectopia 

Infectious: 

• Abscess 

• Focal pyelonephritis 

• Scarring 

Granulomatous: 

• Xanthogranulomatous pyelonephritis 

• Sarcoidosis 

• Malacoplakia 

• Tuberculosis 

Vascular: 

• Extramedullary haematopoiesis 

• Arteriovenous malformation 

• Renal pelvic haematomas 

• Subcapsular haemorrhage 



Figure 27.3 Dense calcification is seen in the renal cortex at the 
site of a scar - identified as such by its relationship to the 
underlying renal pyramid. 















Pseudo-tumours 


splenectomy or splenic trauma. The heterotopic splenic tissue forms 
a mass within the kidney, which is either asymptomatic or found 
as a result of a search for causes of anaemia (hypersplenism). The 
diagnosis should be considered in those who have had splenectomy 
or splenic trauma in the past. Cross-sectional imaging simply dem¬ 
onstrates an enhancing mass, but a radioisotope " m Tc sulphur 
colloid scan will show uptake, confirming the splenic nature of the 
lesion. 

Focal pyelonephritis 


Lobar nephronia, acute focal pyelonephritis and focal bacterial 
nephritis are synonyms for the same condition. In essence, the 
condition is a focal area of pyelonephritis within a lobar distribu¬ 
tion. It is commoner in diabetics and immunocompromised people. 
It represents an inflammatory mass that does not contain any pus, 
although progression to an abscess will occur if treatment is inad¬ 
equate. Ultrasound shows a mass or wedge-shaped area that 
extends from the medulla to the cortical margin (Fig. 27.4). It can 



Figure 27.4 Focal pyelonephritis. Longitudinal (A) and transverse 
(B) views of the right kidney showing focal increased echogenicity 
in the upper pole of the kidney. The history of fever, flank pain and 
urinary tract infection made the diagnosis of focal pyelonephritis. 


be of increased, decreased or similar reflectivity to normal cortex. 2 
The absence of a cortical bulge helps to distinguish the condition 
from a tumour, though, since the clinical presentation is one of 
infection with fever, flank pain and pyuria, the diagnosis is not 
normally in doubt. Harmonic imaging improves detection of focal 
pyelonephritis and it can be used to monitor resolution with treat¬ 
ment. Microbubble contrast agents can perform a similar role. 

Xanthogranulomatous pyelonephritis 


This is a rare inflammatory condition, usually secondary to chronic 
renal tract obstruction due to stones (70% will have a staghorn 
calculus). The infection results in destruction of the normal renal 
cortex. A characteristic feature pathologically is the presence of 
xanthoma cells, which are lipid-laden macrophages. These produce 
areas in the resulting mass that contain enough fat for it to be detect¬ 
able at CT scan. Diabetic patients are particularly prone to develop¬ 
ing xanthogranulomatous pyelonephritis. Presentation is with 
chronic ill-health rather than any features of acute infection. 

Ultrasound will show single or multiple low-echo masses in the 
parenchyma of an enlarged kidney and a central echogenic focus 
due to the obstructing calculus. No recognisable kidney structure 
may remain. There is no sign on ultrasound that confirms the diag¬ 
nosis, but CT may be helpful by showing the presence of fat and 
calculi. If the mass has arisen in the absence of calculi it is more 
likely that a misdiagnosis of renal cell carcinoma will be made. 


Xanthogranulomatous pyelonephritis 

• A mimic of malignancy. 

• Associated with calculi and diabetes. 

• A chronic infective complication of renal obstruction. 

• No characteristic features on US. 

• CT may identify the fat present in the lipid laden macrophages. 


Granulomatous renal pseudo-tumours 


Sarcoidosis, malacoplakia and tuberculosis can all produce focal or 
multifocal abnormalities in the kidneys that might mimic renal 
metastases or lymphoma. There are no specific imaging features; 
biopsy is generally required to make the diagnosis. 

Extramedullary haematopoiesis 


Failure of haematopoiesis in the bone marrow prompts other sites 
to transform to undergo haematopoiesis. The common sites are 
spleen, liver and lymph nodes but many other areas may uncom¬ 
monly transform too, including the kidney. Myelofibrosis, chronic 
myeloproliferative disorder and polycythaemia vera are common 
causes. A renal mass in association with these diseases should give 
pause for thought. There are no specific imaging features and 
biopsy will be needed to make the distinction from lymphoma or 
other tumours. 

Arteriovenous malformations 


Colour-flow Doppler should make this diagnosis straightforward 
at ultrasound. Care needs to be taken though, as although most 
arteriovenous malformations will be secondary to trauma or con¬ 
genital, they are occasionally associated with underlying renal cell 
carcinomas. In this instance the shunt may be so large and the 
cancer so small that the tumour is relatively hard to discern. Mag¬ 
netic resonance can be useful in this context. 
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BENIGN SOLID MASSES 


Adenoma 


There used to be an arbitrary distinction made in the past that solid 
lesions less than 3 cm in size were benign and they were often called 
adenomas. It is now apparent that the diagnosis of a renal adenoma 
is no longer tenable on imaging. 

It is considered that all clear cell containing tumours are carcino¬ 
mas and that there is no such thing as a clear cell adenoma. 3 Even 
very small clear cell tumours may show metastasis so it is better to 
consider these lesions as having greater or lesser aggressiveness 
depending on their presentation. 

Papillary adenoma 

Papillary adenomas do exist and may be found in about 40% of 
autopsies of those aged over 70 years. 4 They are also found in scle¬ 
rosed end-stage kidneys and in acquired cystic disease kidneys. 
There is a continuum of development to transformation to carci¬ 
noma. It is important to realise that by definition (WHO 2004 clas¬ 
sification) papillary adenomas are all less than 5 mm in size. 
Histological features are identical to papillary carcinomas, although 
the carcinomas may exhibit greater amounts of chromosomal aber¬ 
ration. There is no imaging test or feature to allow distinction from 
any other small tumour. 

Metanephric adenoma 

Metanephric adenoma is considered a rare benign renal neoplasm 
with a peak incidence in the fifth decade of life (range from 5 to 83 
years) and is commoner in women. 4 They represent 1% of renal 
tumours less than 7 cm in size. 3 Half are found incidentally and 10% 
are associated with polycythaemia. The polycythaemia promptly 
resolves once the tumour is removed or ablated. Histogenetically 
they are considered to be at the most hyper-differentiated, benign 
end of the nephroblastoma spectrum. This may account for the 
report of metastasis in two recent cases. 5 Metanephric adenoma 
typically appears as a well-defined, unencapsulated, solid mass. 
Ultrasound shows a hyper-echogenic lesion that also has increased 
through transmission of sound. 6 CT shows them to be of increased 
attenuation compared to normal kidney on unenhanced scans. 
Larger lesions may be expansile and may show cystic degeneration 
and calcification. There are no distinguishing features on imaging 


that allow these tumours to be separated prospectively from a renal 
cell carcinoma. 

Management 

Small solid renal lesions present a management problem as there is 
no way with imaging to tell if they are benign or not (Fig. 27.5). 
However, it is known that small tumours usually grow slowly, 
usually less than 0.5 cm per year, and that these tumours are most 
unlikely to metastasise whilst they are smaller than 3 cm. It is also 
known that the majority of benign tumours are less than 4 cm in 
size. 7 Options for management include "watchful waiting" or sur¬ 
veillance, particularly in elderly patients or those too unfit to 
survive intervention. New techniques are being tried: laparoscopic 
partial nephrectomy, enucleation, ablation and high-intensity 
focused ultrasound. 8 These have to be weighed against traditional 
open surgical techniques. Clearly, there is a need for histological 
proof in these non-traditional approaches such as ablation to ensure 
that like is being compared with like in terms of outcome. Ultra- 
sound-guided biopsy is advocated in the diagnosis of small renal 
masses, particularly those that are homogeneous and non-cystic, 9 
as it is these that are most likely to be benign. Another series 10 
showed that renal biopsy of focal masses altered the clinical 
decision-making in 60% of cases. There was no evidence of any 
tumour seeding in their series of 152 biopsies. 

Oncocytoma 


Oncocytomas are commoner in men, usually asymptomatic and 
most often found by chance in the sixth or seventh decade. The 
tumour contains oncocytes, large cells with mitochondria-rich, eosi¬ 
nophilic cytoplasm. They represent up to 6% of all renal epithelial 
neoplasms and generally follow a benign course without metasta¬ 
sis. Most are not correctly diagnosed before operation, only 20% in 
one series, 11 being usually mistaken for renal cell carcinoma. There 
is also the problem that oncocytomas may be associated with renal 
cell carcinoma either as hybrid tumours or as two adjacent lesions 
that have grown into each other (collision tumours). 

Appearances 

Ultrasound appearances may vary, with oncocytomas displaying all 
types of echogenicity from reduced to increased reflectivity. The 
characteristic feature associated with oncocytomas is the presence 
of a central scar and a spoke-wheel pattern of enhancement. This is 



Figure 27.5 Small renal tumours may be uncharacterised on imaging. This is an 11 mm echogenic lesion that looked like normal cortex 
on CT but is clearly different on US (A) and shows deviation of adjacent vessels (B). 
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quoted, depending on the series, as occurring in between 30% and 
90% of oncocytomas, 12 although it is not a specific feature, being 
also seen in chromophobe cell renal carcinoma. 13 Oncocytomas 
may be up to 15 cm in size, though on average they are about 5 cm 
at diagnosis. They commonly have a lobulated margin. Not 
all oncocytomas grow but just over 50% do and their growth rate 
is similar to that of renal cell carcinoma at 0.5 cm per year. 14 It is 
even possible for oncocytomas to display renal vein extension, 15 
although particular care is then needed to distinguish them 
histologically from a chromophobe renal cell carcinoma (RCC), an 
oncocytic variant of papillary RCC and the granular variant of 
clear cell RCC. Finally, oncocytomas may be multifocal and 
bilateral 16 and central cystic degeneration is reported to occur 
rarely. 

Consequently, there are no imaging features that allow a 
confident diagnosis of oncocytoma or its distinction from renal 
cell carcinoma. Biopsy is unhelpful as oncocytoma rests are occa¬ 
sionally found in adenocarcinomas or in collision tumours as 
described above. A final diagnosis can only be made after the entire 
lesion has been examined histologically. If the diagnosis is sus¬ 
pected preoperatively then nephron-sparing techniques are appro¬ 
priate. It does raise a problem with appropriate categorisation of 
the tumour if ablation treatments are used that rely on a biopsy for 
diagnosis. 


Oncocytoma 

• Benign renal tumour. 

• Usually asymptomatic. 

• Most are only diagnosed after operation to remove a mass 
thought to be malignant. 

• Characteristic central scar and spoke-wheel enhancement not 
seen in all oncocytomas and may be seen in some RCCs. 

• Oncocytoma can be associated with RCC and can form collision 
tumours. 

• Biopsy is unhelpful. 

• Nephron-sparing techniques are appropriate. 


Angiomyolipoma 

Angiomyolipomas (AMLs) are benign mesenchymal neoplasms 
(hamartomas) that, as their name suggests, contain blood vessels, 
smooth muscle and fat in varied proportions. They are relatively 
common, the exact prevalence quoted depending on whether oper¬ 
ative or postmortem studies are cited. For instance, the incidence 
in a surgical series 17 looking at resection of masses smaller 
than 4 cm was 9%, whereas in a postmortem study 18 they formed 
4% of all renal tumours. AMLs are usually diagnosed as incidental 
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Figure 27.6 Tuberous sclerosis. Eighty per cent of tuberous sclerosis 
patients will have angiomyolipomas, and they may be numerous and distort 
and enlarge the kidney. Longitudinal (A) and transverse (B) ultrasound images 
show the kidney is disorganised by several echogenic masses. CT scan 
(C) shows how an AML can enhance, and finding the fat within them can 
be difficult. 
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findings at imaging but they can present with flank pain and bleed¬ 
ing. They are commoner in women by a factor of four and usually 
found after the age of 40 years. 

AML may exist as an isolated entity (about 80% of the total) or 
in about 20% be associated with tuberous sclerosis or pulmonary 
lymphangiomyomatosis. Tuberous sclerosis is an autosomal domi¬ 
nant neurocutaneous syndrome that has benign congenital tumours 
in multiple organs. 19 The classic triad of epilepsy, mental disability 
and adenoma sebaceum is relatively uncommon, so radiology plays 
a part in finding the tumours: cardiac rhabdomyomas, renal AMLs 
and subependymal tubers, though many different organs may be 
affected. Eighty per cent of tuberous sclerosis patients will have 
renal AMLs (Fig. 27.6). 



Appearances 

AML may occur as single or multiple lesions in one or both kidneys. 
The sporadic lesions are usually in middle-aged women and uni¬ 
lateral whereas in tuberous sclerosis, lesions are more likely to be 
small and multiple. The appearance of an AML depends on the 
proportion of each of the different tissues. Typically, on ultrasound, 
the fat in the AML produces a highly reflective mass, with bright¬ 
ness similar to renal sinus fat (Fig. 27.7). Up to a third of AMLs may 
show acoustic shadowing. Larger lesions may show intralesional 
aneurysms as well as hypervascular components. It is these that 
predispose to spontaneous haemorrhage (Fig. 27.8). The likelihood 
of spontaneous bleeding increases once an AML is larger than 4 cm 





© 


Figure 27.7 A small angiomyolipoma seen on US (A) and CT (B, C). Ultrasound shows a small brightly echogenic focus in the renal 
cortex. The CT scans, both unenhanced and enhanced, show a small focus of cortical fat to correspond to the AML. D: A slightly larger 
AML in the renal cortex in another patient. 
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in size or there is an aneurysm of over 5 mm diameter. Spontaneous 
renal bleeding into the subcapsular and perirenal space is associ¬ 
ated with AML (Wunderlich syndrome). If bleeding occurs into the 
AML it alters its appearance and may make diagnosis difficult. 

Most AMLs are smaller than 3 cm, are intracortical and appear 
as a discrete round mass. Larger lesions may have a lobulated 
outline and may be exophytic from the kidney. Colour Doppler 
may show the arteriovenous fistulae or aneurysms that AML may 
contain. 



Differential diagnosis 

Milk of calcium cysts may mimic the ultrasound appearances of a 
small intracortical, bright AML (Fig. 27.9). CT scan will readily 
distinguish them. A third of small renal cell carcinomas are 
echogenic, some as bright as an AML. There are sonographic dis¬ 
tinguishing features: a hypoechoic rim, intra-lesional cysts and cal¬ 
cification are common in carcinoma but not in AML; shadowing 
may be seen in AML but not in carcinomas. CT and MR can be used 



Figure 27.8 A large AML on ultrasound (A) associated with a perinephric haematoma on CT (B). The CT shows the AML contains 
predominantly fat. 



Figure 27.9 Milk of calcium cyst. Transverse (A) and longitudinal (B) views showing how these cysts can mimic the appearance of a 
small cortical AML. 
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to confirm the presence of fat and make the diagnosis of AML 
though even this has pitfalls. Fat may be present in a few renal cell 
carcinomas 20 and is commoner in the papillary cell variant, 21 
although these tumours often have calcification too which is not 
seen in AML. Up to 5% of AMLs will contain minimal or no fat 4 
and be potentially indistinguishable from carcinoma, although 
ultrasound shows a very uniform isoechoic appearance and CT will 
show increased attenuation on unenhanced images. 22 A perirenal 
liposarcoma can mimic the appearances of a large exophytic AML. 
In this instance, an AML is likely to show a marginal defect in the 
kidney and enlarged tumoral vessels, whereas a liposarcoma is 
more likely to show smooth compression of the kidney and exten¬ 
sion outside of the perirenal space. Biopsy is not often needed in 
the diagnosis of typical fat-rich AML but it may be helpful in fat- 
poor lesions or in suspected liposarcoma. 23 A meta-analysis of the 
published literature has concluded that all non-calcified, echogenic 
lesions found on ultrasound in the kidney require a CT scan to rule 
out a renal cell carcinoma. 24 

Treatment 

Small AMLs (less than 4 cm) do not need to be treated. Asympto¬ 
matic lesions need no more than conservative treatment and follow¬ 
up. Lesions larger than 4 cm should be removed using 
nephron-sparing techniques in order to prevent the occurrence of 
complications, primarily those of spontaneous haemorrhage. Those 
patients that present with spontaneous bleeding should be consid¬ 
ered for coil embolisation at catheter angiography if the bleeding is 
active and ongoing. Surgery is reserved for when the patient has 
recovered from the acute episode of bleeding. 


Angiomyolipoma 

• Benign mesenchymal neoplasm. 

• Commoner in women. 

• 20% of AML are associated with tuberous sclerosis. 

• May be single or multiple. 

• Typically appear as a bright cortical mass. 

• AMLs bigger than 4 cm have an increased chance of bleeding. 

• Potential problem distinguishing AML from small bright RCC. 

• CT or MR can be used to confirm fat in an AML. 


Other benign solid renal masses 


Other benign solid tumours do occur but they are generally very 

rare or not often detected on imaging. 4 

■ Haemangioma. These are rare lesions that are typically solitary 
and arise from the renal pyramids. They characteristically 
show early intense enhancement with ultrasonic contrast 
agents that persist on delayed imaging. They are associated 
with syndromes such as Sturge-Weber and Klippel- 
Trenaunay and may cause haematuria and renal colic. 

■ Leiomyoma. These are rare lesions that typically arise from the 
renal capsule. They may be quite large and show cystic 
degeneration or haemorrhage. 

■ Reninoma. An extremely rare tumour that produces a triad of 
findings: poorly controlled hypertension; hypokalaemia; and 
high plasma rennin levels. Usually found in young adults and 
smaller than 3 cm in size, there are no specific imaging 
findings. 

■ Medullary fibromas. Autopsy series describe these lesions 
commonly but as they are usually less than 5 mm in size they 
are not often found on imaging. Their typical location is in the 
renal pyramid. 


MALIGNANT RENAL MASSES 


Renal cell carcinoma 


Renal cell carcinoma (RCC) accounts for about 2% of adult malig¬ 
nancies and represents about 90% of adult primary renal tumours. 
Most of these tumours occur sporadically, but there is an associa¬ 
tion with von Hippel-Lindau disease (Fig. 27.10) and tuberous scle¬ 
rosis. There is a male to female preponderance of two to one. The 
peak age of incidence is 50 to 70 years. Predisposing risk factors 
include smoking, long-term dialysis and exposure to lead, cadmium 
or diethylstilbestrol. 

Renal cell carcinoma is thought to arise from the convoluted 
tubules of the renal cortex; 70-80% are of the clear cell type, 10-15% 
are papillary cell and about 5% are chromophobe-type. The features 
seen on ultrasound do not bear any useful relationship to the cell 
type of the renal cell carcinoma, although papillary tumours are 



Figure 27.10 Von Hippel-Lindau disease. A and B: There are at least three renal lesions seen in this patient with von Hippel-Lindau 
disease. They have subsequently grown and proved themselves to be renal cell carcinomas. 
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more likely to show poor enhancement with contrast agents on CT 
scan and chromophobe tumours may have a homogeneous bright 
ultrasound texture without necrosis. 

Presentation 

Common symptoms at presentation are painless haematuria, flank 
pain and a palpable mass together with anorexia and weight loss. 
However, with the increasing use of cross-sectional imaging for 
other reasons, the proportion of tumours that are detected at less 
than 3 cm in size is increasing; these are chance findings prior to 
any symptoms. 

There is a belief that finding a varicocele in a man should prompt 
a search of the kidneys for an underlying cancer, but this is an 
association based on very old papers from before the days of cross- 
sectional imaging. The cancers described in those papers were huge 
and clinically palpable. Current evidence suggests that both condi¬ 
tions are relatively common and can be expected to coexist in a few 
people. Young men presenting with a varicocele do not have an 
increased rate of renal cancer. In older men, late presentation of 
varicocele may, rarely, be due to tumour thrombus spread along 
the left renal vein obstructing the gonadal vein but there is no true 
association between a varicocele and renal cancer. In contrast, there 
is an association between non-Hodgkin's lymphoma and renal cell 
carcinoma, particularly in those patients with bulky abdominal 
disease. 25 Imaging does not allow differentiation between the two 
diagnoses so biopsy is required. 

Some patients present with spontaneous renal or perirenal haem¬ 
orrhage. This blood may be enough to obliterate the underlying 
tumour on initial imaging. Consequently, follow-up imaging will 
be needed once the acute bleed has resolved to look for an underly¬ 
ing tumour. 


Screening 

Since between 25% and 40% of tumours are found incidentally, 
interest has been raised in providing a screening service. An initial 
ultrasound study of 9959 volunteers yielded only 9 cancers (0.1%); 
sensitivity at 1-year follow-up was 82% but the positive predictive 
value was only 50%. 26 A further ultrasound study looking at a more 
focused elderly population of 6678 volunteers found an incidence 
of solid renal tumours of 0.32%. 27 Screening with ultrasound is well 
tolerated and those treated show good survival rates. One group in 
whom screening is worthwhile is those with acquired cystic disease 
of the kidney secondary to renal failure. 28 They have a prevalence 
of cancer of 19%, 50% due to clear cell and 50% due to papillary 
carcinoma. 

Appearances 

Ultrasound features are of a solid tumour mass, distorting the 
normal renal architecture often with a 'ball' pattern of growth 
rather than an infiltrative pattern (Fig. 27.11). 29 Reflectivity may be 


Renal cell carcinoma: aetiology and presentation 

• 2% of adult malignancies. 

• Most are sporadic. 

• Commoner in men. 

• Increased risk in smokers, dialysis patients and those with von 
Hippel-Lindau disease. 

• Up to 80% are clear cell type. 

• Painless haematuria is the classic presentation. 

• Often an incidental finding on cross-sectional imaging. 

• Screening the general population is not proven. 


increased, decreased or similar when compared to the normal renal 
cortex. The larger tumours are more likely to be of similar reflectiv¬ 
ity but may also have central necrosis or haemorrhage (Fig. 27.12). 
Tumours less than 3 cm in size are more likely to be of increased 
echogenicity: hence the need for care when differentiating them 
from angiomyolipoma, which will also appear bright (Fig. 27.13). 
Calcification is found in 30% of RCCs but not in angiomyolipoma. 
This calcification may be rim-like but is more commonly central. CT 
and MR can be used to look for fat, which indicates an angiomyol¬ 
ipoma rather than an RCC. 

The differential diagnosis of a solid or partly solid renal mass 
on ultrasound includes tumours, haematomas, infections and 
the pseudo-tumours described earlier in this chapter. Ultrasound 
contrast agents can enable distinction of these lesions. Hyper¬ 
enhancement in the late phase (30-90 seconds after agent injection) 
is the most useful feature indicating a renal cell carcinoma (Fig. 
27.14). 30 Heterogeneity of enhancement is also an indicator of malig¬ 
nancy, as most angiomyolipomas show a smooth enhancement 
pattern which washes out in the late phase. One pitfall is that some 
papillary cancers may not show much enhancement. 

Colour and spectral Doppler features of high velocity and turbu¬ 
lence are non-specific and do not help in the diagnosis of tumour 
but will help distinguish cystic from solid lesions (Fig. 27.15). The 
pattern of vessels on colour Doppler may help indicate a pseudo¬ 
tumour such as a prominent column of Bertin. 

Multiple tumours may develop in an asynchronous or synchro¬ 
nous fashion. A patient who has one kidney removed for a sporadi¬ 
cally occurring tumour has a 2% chance of another tumour 
developing in the remaining kidney. There is also a 2% chance that 
a tumour in the contralateral kidney may exist at the time of initial 
diagnosis. Synchronous occurrence of more than one tumour in the 
same kidney is quoted as 5% but some histological studies of 
nephrectomy specimens quote a higher rate, up to 25%, but the 
tumours are usually less than 5 mm in size. Finding more than one 
tumour should prompt a search for associated syndromes such as 
von Hippel-Lindau disease. 

Rare presentations 

Occasionally, the metastases from renal cell cancer may become 
apparent before the primary tumour in the kidney can be detected. 25 
An example is the development of para-aortic adenopathy with no 
detectable primary tumour. Arteriovenous malformations (AVMs) 
are associated with renal cell cancer. These AVMs can be large 
enough to obscure visualisation of the tumour. We know of two 
patients in whom the initial diagnosis was thought to be pancreatic 
neuroendocrine tumours with an incidental renal AVM but which 
turned out to be renal cell cancer metastases to the pancreas from 
a tumour hidden by the AVM. Occasionally, RCC can present as a 
single large cyst (Fig. 27.16). This is not a cyst that has turned 
malignant but an RCC that has always been cystic. 

Staging 

Renal cell carcinoma spreads either locally into adjacent structures 
or by haematogenous spread. Survival worsens as the stage of the 


Renal cell carcinoma: appearances 

• Deforms the kidney with a ‘ball’ pattern of growth. 

• Small tumours more likely to be bright on US - a hypoechoic rim 
is sometimes seen in RCC but not in AML. 

• Larger tumours more likely to have central necrosis and bleeding. 

• Calcification is seen in RCC but not AML. 

• Ultrasound contrast agents have a role. 

• Synchronous occurrence of another RCC between 2% and 5%. 
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514 Figure 27.12 Renal cell carcinoma. A: Ultrasound shows an exophytic tumour with some central low-echo areas that could be 
necrosis. B: CT of the same lesion. 
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Figure 27.13 Renal cell carcinoma. A: Ultrasound shows a uniformly echogenic mass that could be mistaken for an AML. B: CT scan 
shows there is no fat in the lesion, confirming it is an RCC and not an AML. 




Figure 27.14 Renal cell carcinoma. Pre-contrast ultrasound 
enhancement (A), and early and late post-contrast enhanced 
images (B, C) showing the typical heterogeneous enhancement 
pattern of an RCC that persists into the late phase. 
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Figure 27.15 A large exophytic tumour that looks low-echo on 
ultrasound (A). Colour Doppler (B) confirms there is flow in the 
lesion, proving it is not a cyst. CT (C) shows a bland, uniformly 
enhancing mass that turned out to be a papillary RCC. 



tumour worsens (Table 27.1). Characteristically, the tumour invades 
into the renal vein (30%) and tumour thrombus can propagate along 
this vein into the I VC (5-10%) and right atrium. Ultrasound can 
show thrombus in the vein provided it is possible to identify the 
vein. Thrombus may cause the vein to be enlarged. Colour Doppler 
can help in identifying tumour thrombus. CT and MR are better 
than US at demonstrating venous involvement. Distant metastases 
can be to any site but there is a predilection for pulmonary metas¬ 
tases. Bone metastases are usually lytic and expansile. Local spread 
can occur through Gerota's fascia to cause fixity to adjacent organs. 
Ultrasound palpation during respiration may show the liver and 
kidney to move as one rather than relative to each other. Local 
spread is also to retroperitoneal nodes. CT scan of the chest and 
abdomen is the optimum test to stage the tumour. MR can provide 


Table 27.1 

Staging and survival of renal cell carcinoma 31 

Stage 

Description 

Survival 

Stage 1 

Tumour confined to kidney 

5 years: 67%; 

10 years: 56% 

Stage II 

Invasion of perinephric fat 

5 years: 51 %; 

10 years: 28% 

Stage III 

Venous or nodal 
involvement 

5 years: 33%; 

10 years: 20% 

Stage IV 

Invasion of adjacent organs 
or distant metastases 

5 years: 13%; 

10 years: 3% 






Malignant renal masses 



Figure 27.16 A rare example of a large, purely cystic RCC on US (A) and CT (B). Other than size, there are no features to suggest 
malignancy. 


good local staging and may demonstrate the extent of tumour 
thrombus better than other tests but it is insensitive for lung 
metastases. 

Treatment 

Surgery with radical nephrectomy is the standard treatment. It may 
be useful in large tumours to angiographically embolise the tumour 
preoperatively to ease dissection and reduce blood loss. Surgery 
can still be useful, even in people with known metastases. It has a 
cytoreductive effect that can improve the effect of adjuvant 
treatments. 

Partial nephrectomy can be offered as a nephron-sparing tech¬ 
nique in those whose tumours do not transgress the renal hilum. 
Surgery may be done as a traditional open procedure or 
laparoscopically. 

Ablative techniques such as radio-frequency ablation are a good 
alternative in smaller tumours and are discussed separately at the 
end of this chapter. 

Chemotherapy, immunotherapy and radiotherapy all have 
appropriate uses for the management of disseminated disease. 

Collecting duct and medullary carcinoma 


Collecting duct carcinoma differs from renal cell carcinoma in two 
main ways. Firstly, instead of arising from the convoluted tubules 
of the renal cortex as RCC cell types do, it arises from the renal 
medulla, possibly the distal collecting ducts of Bellini. 32 Secondly, 
it has an infiltrative pattern of growth rather than a 'ball-like' mass 
lesion. There is a 2:1 preponderance of men affected and the mean 
age at presentation is 55 years. It has a central and medullary 
pattern of infiltration, although these tumours tend to be large at 
presentation (around 8 cm), which can hide their central origin. It 
is an aggressive tumour with a relatively poor prognosis. 33 It tends 
to be isoechoic to normal parenchyma but some of the tumours are 
bright and since they are large lesions, this is another potential 
distinguishing feature from RCC as most bright RCCs are smaller 
than 3 cm. Overall, though the diagnosis may be suspected because 
of a central infiltrative pattern, the imaging features are not suffi¬ 
cient to make the diagnosis (Fig. 27.17). Furthermore, transitional 
cell carcinoma (TCC) arising in the pelvicalyceal system may also 


show a central infiltrative pattern. This is an important distinction 
to make as TCC is treated by nephroureterectomy rather than just 
nephrectomy alone. Histology is required. 

Renal medullary carcinoma is sometimes confused with collect¬ 
ing duct tumours but the lesions are distinct clinical entities. Renal 
medullary carcinoma occurs almost exclusively in people with 
sickle cell trait and affects a young age group, 15 to 27 years old. 
The commonest presentation is with gross painless haematuria. The 
tumours have a predilection for the right kidney. They are centrally 
located and infiltrative. Most have central necrosis. Metastases are 
usually present at initial diagnosis. The literature suggests that 
these tumours are not readily visible at sonography 34 and hence 
people with sickle cell trait and gross haematuria should be inves¬ 
tigated with CT. 


Transitional cell carcinoma 


Tumours of the renal pelvis represent 10% of solid renal tumours, 
with the majority of these being transitional cell carcinomas (TCCs). 
The great majority of TCCs arise in the bladder, with only 5% of 
TCCs arising in the upper tracts. This is because the bladder has a 
much greater surface area of urothelium and because urine remains 
in contact with it for greater periods of time. The majority of upper 
tract TCCs occur in the extrarenal pelvis, some in the infundibular 
regions and only a quarter in the ureter. 35 The left and right kidneys 
are affected equally and 2 - 4% of renal TCCs will occur bilaterally. 
Any patient with TCC of the bladder has a 4% risk of developing 
upper tract TCC. This same risk persists even after cystectomy. 36 If 
the upper tract tumour is the presenting lesion, there is a 30% risk 
of developing a bladder tumour. Because multicentric TCC and 
synchronous or metachronous presentations are common, urologi¬ 
cal follow-up needs to be systematic and accurate. 

Aetiology 

Men are affected three times more often than women. The peak age 
at presentation is between 50 and 70. Smoking is an important risk 
factor, increasing the relative risk two to three times. Carcinogenic 
substances excreted in the urine act locally on the urothelium: these 
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Figure 27.17 Collecting duct carcinoma. Ultrasound (A) and 
CT (B) show a centrally placed tumour with an infiltrating pattern 
of spread. CT of the chest (C) shows a large pathological 
paratracheal node. This pattern of central infiltration and early 
metastasis should raise the possibility of a collecting duct tumour, 
though only histology can prove it. 


include; aniline, benzidine, aromatic amine, azo dyes, cyclophos¬ 
phamide and heavy caffeine consumption. 37 Analgesic abuse par¬ 
ticularly of phenacetin predisposes to a highly invasive type of 
TCC. Structural anomalies, such as horseshoe kidney, that lead to 
stasis of urine and prolong the contact time of any carcinogen are 
also associated with an increased prevalence of this disease. 

Symptoms 

The most common presenting symptom is haematuria. The stand¬ 
ard work-up for haematuria has been urine cytology, cystoscopy 
and intravenous urography (IVU) in the past. IVU was superseded 
by ultrasound as the initial screening tool because of its better 
ability to pick up solid parenchymal renal masses and because most 
upper tract urothelial tumours cause some degree of pelvicalyceal 
dilation. 38 However, the advent of multidetector CT scans has 
meant that CT urography has become the most sensitive screening 
tool and is rapidly replacing ultrasound in the initial work-up. 39 

Ultrasound findings 

The ultrasound appearances of TCC are variable depending on 
whether the tumour is sessile or papillary and whether it produces 


a hydronephrosis or not. Generally, tumours by the time they 
become visible on ultrasound look like a central soft tissue mass 
surrounded by the echogenic fat of the renal sinus (Fig. 27.18). 
Squamous metaplasia leads to formation of keratin pearls that look 
like highly echogenic foci within the mass or on its surface. There 
may be dilated calyces around the mass. TCC has an infiltrative 
pattern of growth so the reniform shape of the kidney is not lost 
until late in the disease. Sometimes the dilation of the surrounding 
calyces is the only ultrasonic sign of the disease (Fig. 27.19). 

Fat within the normal renal sinus can appear as relatively low- 
echo and mimic a tumour. This pitfall in diagnosis can be avoided 
by assessing if there is posterior acoustic shadowing, an ill-defined 
posterior margin and traversing hilar vessels. These three signs 
indicate it is just low-echo fat. Tumour will displace vessels and 
have a defined posterior margin. 

Dilation of the pelvicalyceal system with urine can provide a 
negative contrast that allows the presence of small filling defects or 
sessile thickening of the urothelium to be appreciated (Fig. 27.20). 
Blood clots or infective debris can mimic soft tissue masses. Finding 
blood flow within a mass confirms it is tumour, although con¬ 
versely the absence of blood flow does not mean it is not tumour 
(Fig. 27.21). Doppler studies are otherwise unhelpful as tumour 
grade, stage and size are not related to vascularity. 40 
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Figure 27.18 Transitional cell carcinoma. Ultrasound shows 
the renal pelvis is filled with lower-echo tissue surrounded by the 
echogenic sinus fat. This was proven to be TCC. Note the posterior 
margin is well defined - unlike a normal low-echo renal sinus that 
will have a poorly defined posterior margin and shadowing. 


Finding unexplained dilation of the pelvicalyceal system on 
ultrasound should prompt further investigation. 

Other tests 

The best radiological investigation is a CT urogram (Fig. 27.22). This 
will accurately depict stones and has a high sensitivity for TCC in 

Upper tract transitional cell carcinoma 

• 8-10% of solid renal tumours. 

• 4% of people with bladder TCC will develop an upper tract 
lesion. 

• Commoner in men. 

• Usually presents with haematuria. 

• Typically has an infiltrative pattern of growth, retaining the renal 
shape. 

• Focal dilatation of calyces may be the only sign on US. 

• Multidetector CT urography is the best imaging test. 

• Standard treatment is nephroureterectomy. 



Figure 27.19 Transitional cell carcinoma. Ultrasound (A) shows the upper pole calyx is dilated but it is hard to identify anything else in 
the kidney. Axial CT (B) shows the left kidney is diffusely replaced by tumour (TCC) - compare it to the normal right kidney. CT in the 
coronal urographic phase (C) shows the right kidney excretes normally but the left does not. The dilated upper pole calyx is shown 
as well. 
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Figure 27.20 A: The urine in the dilated renal pelvis acts to outline a small mural nodule of tissue (arrow). B: The renal pelvis and proximal 
ureter are filled with material. Ultrasound cannot tell if this is tumour or blood clot. 



Figure 27.21 Transitional cell carcinoma. A: A soft tissue mass fills the lower pole calyces. B: Colour Doppler does not show any 
blood flow in the lesion but this does not mean that it is not tumour. It was subsequently proven to be TCC. 


the upper tract. If there is a contraindication to intravenous contrast 
agents, then MR urography is an acceptable alternative although it 
is less sensitive for small lesions. If doubt remains about the diag¬ 
nosis, ureteroscopy is needed. This can be combined with biopsy 
or retrograde pyelography as needed. 

Patterns of spread 

The tumour stage (Table 27.2) at diagnosis influences the likelihood 
of local recurrence and metastases and is consequently the most 
useful determinant in predicting survival. 41 Metastases are prima¬ 
rily to lymph nodes, bone and lung. Histological grading of the TCC 
into different degrees of differentiation also affects survival. 

Treatment 

Standard treatment of upper tract TCC requires total nephroureter- 
ectomy and excision of a bladder cuff at the site of ureteric insertion. 


Table 27.2 Staging and survival of renal TCC 41 

Stage 

Description 

5-year survival 

Tis 

Carcinoma in situ 


T1 

Invades subepithelial 
connective tissue 

77-80% 

T2 

Invades the muscle layer 

44% 

T3 

Invades beyond the muscle 
layer into peri-ureteric fat or 
renal parenchyma 

0-20% 

T4 

Invades adjacent organs, 
the abdominal wall or 
through the kidney into 
perinephric fat 
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Figure 27.22 Transitional cell carcinoma. A: Ultrasound of the kidney failed to identify a tumour. B: CT urogram shown in the coronal 
plane revealed a TCC filling the upper pole calyces on the left. It is for this reason that CT urography is replacing ultrasound in many 
centres in the investigation of unexplained haematuria. 


Laparoscopic techniques and partial resection may be appropriate 
in selected patients with bilateral tumours, poor renal function or 
poor operative risk. Metastases may be treated with chemotherapy 
or radiotherapy 

Lymphoma 


Primary renal lymphoma is a contested diagnosis and is certainly 
very rare, comprising less than 3% of all renal lymphomas. The 
kidneys do not contain intrinsic lymphoid tissue. Secondary 
involvement of the kidney by lymphoma as part of a systemic 
process by either direct extension or haematogenous spread is the 
normal manifestation. Six per cent of lymphomas at presentation 
will have renal involvement and this rises to 60% by the time of 
death from lymphoma. Non-Hodgkin's lymphoma affects the 
kidney ten times more commonly than Hodgkin's lymphoma. 

Ultrasound is less sensitive than CT or MR at detecting renal 
involvement. 42 The ultrasonic features are usually of several hyp- 
oechoic masses distorting the renal outline or a diffuse involvement 
producing renal enlargement. It is less common to find a single 
mass (Fig. 27.23). Rarely, lymphoma may manifest as a rind of low- 
echo tissue surrounding the kidney (a so-called 'collar' of disease) 
(Fig. 27.24). The tumour is typically hypovascular on colour 
Doppler. Lymphoma does not usually show cystic degeneration 
nor does it centre in the sinus or collecting system. There are over¬ 
lapping signs on ultrasound between lymphoma, metastases and 
primary renal carcinoma, so the clinical history and presentation is 
important. 

Most cases of renal lymphoma are diagnosed during CT staging 
of the known disease. If this is not the case and the renal lesion is 
the initial manifestation, then biopsy is needed to distinguish lym¬ 
phoma from metastases. The correct diagnosis of lymphoma will 
avoid unnecessary nephrectomy, as lymphoma is correctly treated 
with chemotherapy. Complete remission can be achieved in almost 
60% of cases. 

Leukaemia 


There is a very rare initial manifestation of leukaemia in the paedi¬ 
atric population whereby the kidneys are diffusely infiltrated and 
enlarged by immature blast cells. 43 


Lymphoma and metastases 

• 6% of lymphoma patients have renal involvement at presentation. 

• Renal involvement is commoner in non-Hodgkin’s lymphoma. 

• Metastases to the kidney are very common on autopsy studies. 

• Lung, breast and melanoma are common primary sites. 

• Multiple small renal masses without a known primary need biopsy 
to distinguish RCC, lymphoma and metastasis. 


Metastases 


Renal cell carcinoma may be the most common primary renal 
malignancy, but overall, metastases to the kidney are the commoner 
lesions. Autopsy studies show that kidneys are the fifth most 
common site for metastases. 29 However, metastases to the kidneys 
are diagnosed much less commonly during life. This is because 
renal metastatic disease is usually a late event in the course of a 
malignancy, often as part of widespread dissemination. The com¬ 
monest primary sites are lung, breast, melanoma and the contralat¬ 
eral kidney. Ultrasound usually shows multiple masses which are 
low-reflective. These are usually small and intraparenchymal. It is 
less common for renal metastasis to present as a solitary mass but 
if they do they can mimic a renal primary. If a patient is known to 
have another primary tumour, even one in remission, then a renal 
mass biopsy is needed to distinguish a metastasis from a renal 
adenocarcinoma. Melanoma metastases are particularly prone to 
causing perinephric haemorrhage. 

Sarcoma and other rare renal tumours 


Sarcomas represent only 1% of renal malignancies. The ultrasound 
appearances are often indistinguishable from other tumours and 
the diagnosis is usually only made after resection. The commonest 
form of sarcoma in the kidney is a leiomyosarcoma, which is very 
similar in appearance to a retroperitoneal sarcoma (Fig. 27.25), and 
may be solid or occasionally cystic. The prognosis is poor, with 
5-year survival rates of about 30%. 
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Figure 27.23 Lymphoma. Ultrasound (A) shows a mass in the lower pole of the left kidney. CT (B) confirms the renal abnormality but 
also shows a huge left para-aortic node. Ultrasound guided biopsy (C) of the renal mass confirmed it was a lymphoma. 



Figure 27.24 An echogenic rind of tissue surrounding the whole 
kidney. Differential includes a recent bleed but this kidney turned 
out to be involved by lymphoma. 


Hereditary tumours and syndromes 


Von Hippel-Lindau disease, tuberous sclerosis and other heredi¬ 
tary causes of renal tumours are discussed in Chapter 26 on cystic 
diseases. 


MINIMALLY INVASIVE TREATMENT OF 
RENAL CELL CARCINOMA 


The incidence of renal cell carcinoma is increasing, with over 6000 
new cases per year in the UK and 30 000 new cases per year in the 
United States. 44,45 It has a male to female ratio of 2:1. 44 Traditionally, 
renal cell carcinoma has been treated with open nephrectomy as the 
gold standard procedure. 46 However, it is now widely accepted 
that small renal cell carcinomas can be treated with minimally inva¬ 
sive and nephron-sparing techniques. The evolving techniques 









Minimally invasive treatment of renal cell carcinoma 



Figure 27.25 Retroperitoneal liposarcoma. A: Ultrasound shows the right kidney is displaced and surrounded by increased fat. 
B: CT confirms the extensive retroperitoneal fat which on resection was confirmed to be due to a liposarcoma. 


currently available are image-guided energy ablative therapy and 
laparoscopic partial nephrectomy 

Nowadays, there are many new developments in energy ablative 
technologies to treat renal cell carcinoma. These are either with 
heat-based ablative energy, such as radio-frequency ablation (RFA) 
or microwaves, or with cold-based ablative energy such as cryoab¬ 
lation. 47-53 Preliminary results show that treatment is safe and effec¬ 
tive, with good medium-term outcome data, for both RFA and 
cryoablation therapy of small renal cell carcinomas. 47-52 

RFA had initially enjoyed greater popularity in interventional 
radiology because of the smaller RFA needle electrode size, which 
allowed radiologists to perform image-guided treatment with ease. 
Recently, cryoablation is also gaining momentum as there is a new 
comparable-sized needle electrode (around 17G) available for the 
radiologist to use with image guidance. Microwave therapy is a 
new technology and many operators believe that there is great 
potential for this technology in the future. Currently this treatment 
is only available in selected research institutions around the world. 

Minimally invasive therapy of renal cell carcinomas is evolving 
rapidly. Only time will tell which type of energy-based ablative 
therapy will be the optimum treatment option. However, regardless 
of the type of energy we might use for treatment in the future, most 
published series agree that image-guided treatment of small RCCs 
has great promise and long-term outcome data are currently 
awaited to validate the treatment. 

The energy ablative therapy may be delivered via open 
surgery, a laparoscopic approach or via image guidance under 
ultrasound (US), computed tomography (CT) or magnetic reso¬ 
nance imaging (MRI). 

The majority of interventional radiologists involved in this 
therapy utilise CT as the main imaging guidance technique to treat 
renal cell carcinomas. This is because CT is more widely available 
and cost effective than open MRI for guidance. CT allows good 
visualisation of all the electrode tips, especially with multi-tined 
expandable electrodes; this is important for accurate needle elec¬ 
trode positioning. Precise visualisation of the tips of the tines is 
crucial in order to avoid thermal injury to surrounding intra¬ 
abdominal viscera such as colon or retroperitoneal structures 
during the ablative treatment. It also allows operators to perform 


the hydro-dissection technique. In addition, CT is particularly 
useful when treating posteriorly located renal cell carcinomas or if 
the tumour predominantly has a parenchymal or central location, 
as this allows easier targeting of the tumour. Monitoring of the 
treatment response during and after the energy ablation can be 
performed with a contrast-enhanced examination using CT in 
patients without contrast allergy or impaired renal function. There 
are a small number of operators who prefer to use ultrasound guid¬ 
ance to insert the initial needle electrode and then use CT to assess 
the needle electrode's position in relation to the adjacent intra¬ 
abdominal structures. 


Radio-frequency ablation of renal 
cell carcinoma 


Radio-frequency ablation destroys tumour by using the frictional 
heat generated by radio-frequency waves. When the temperature 
rises above 60°C, this leads to cell death by destruction of the cel¬ 
lular membrane and denaturing of proteins. The technologies that 
are available in commercial markets currently are either impedance 
or temperature controlled systems. 

All treatments should ideally be performed in the CT interven¬ 
tional suite with both CT and US available to guide the therapy. All 
established centres worldwide primarily use CT to guide treatment 
and peri-procedural monitoring of treatment. Many operators who 
started with US guidance alone have since realised that it is inad¬ 
equate for needle placement and it limits targeting for more awk¬ 
wardly positioned tumours such as those located close to the bowel 
or ureter. 

For US-guided treatment, the RFA needle electrode can be 
inserted directly under US guidance (Fig. 27.26). During the thermal 
ablation, an echogenic cloud becomes visible (Fig. 27.27), and this 
tends to obscure the needle electrode. This makes subsequent 
needle readjustment difficult if only US guidance is used for treat¬ 
ment. Therefore, all established centres treating complex renal 
tumours use CT to check the needle electrode's position during 
treatment and subsequent repositioning of the needle electrode. 
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Figure 27.26 The RFA needle electrode can be inserted directly 
under US guidance. 


Figure 27.27 An echogenic cloud is visible during thermal 
ablation and this tends to obscure the needle electrode for 
subsequent placement. 



Figure 27.28 A: The contrast-enhanced CT shows a small renal cell carcinoma at the upper pole of the left kidney B: The RFA needle is 
inserted into the tumour under CT guidance. 


For CT-guided treatment, this may involve using US or CT for 
the initial needle electrode placement (Fig. 27.28). CT is then used 
to check the position of the needle electrode, especially with the 
multi-tined probe where some of the tines could be in close relation 
to colon or ureter. If the tumour is too close to any intra-abdominal 
structure such as the colon, a hydrodissection technique may be 
required to move the colon away from the tumour in order to avoid 
thermal injury. 54 

For centrally located renal tumours or a tumour closely related 
to the ureter, a cold pyeloperfusion technique can be used to 


minimise the risk of thermal injury to the collecting system. If such 
an injury occurs, it causes a subsequent ureteric stricture. 55,56 

Patient selection is crucial. The referral should come from the 
cancer network, according to the NICE recommendations. As the 
treatment evolves, indications have expanded from curative to 
palliative intent. The indications include non-surgical candidates, 
patients with a solitary kidney, and von Hippel-Lindau disease 
patients with RCC. Patients with metastatic disease undergoing 
immunotherapy may also be considered for this therapy to debulk 
the primary tumour. 






Minimally invasive treatment of renal cell carcinoma 


Evaluation prior to treatment includes attending the tumour 
ablation clinic for staging and counselling, laboratory investigations 
such as clotting and baseline renal function, and biopsy of the 
tumour either before/just prior to therapy 

Factors that influence the outcome of the therapy are size and 
location. For tumours smaller than 3 cm in diameter, complete abla¬ 
tion can be achieved in 90% of the cases treated with a single treat¬ 
ment session. For tumours between 3 and 5.5 cm, 100% successful 
ablation is achievable with exophytic tumours and 70% of the cases 
are treated in a single session. 57 The tumour locations can be divided 
into: exophytic, parenchymal, central/mixed location. The exo¬ 
phytic tumours have the best treatment outcome from the oven heat 
effect. This is due to the surrounding pararenal fat acting as a heat 
insulator to maximise the ablation effect. 


Pre RFA imaging often consists of a combination of US, CT and 
MRI. They are used for staging, planning of therapy and as a base¬ 
line for post RFA changes. After RFA, imaging follow-up is variable 
depending on the operator's experience. Most institutions have 
patient follow-up at 1, 3, 6 and 12 months post treatment and annu¬ 
ally thereafter. Contrast-enhanced US may be useful for those who 
still use US guidance alone to guide re-treatment (Fig. 27.29). It is 
well recognised that cross-sectional imaging with CT (Fig. 27.30) 
and/or MRI (Fig. 27.31), depending on the availability of resources, 
are the best imaging techniques for follow-up. 

After the procedure, the patient is monitored for gross haematu- 
ria. They must be able to pass urine before discharge. If there is 
concern regarding complications then early imaging is advised. 
Minor complications are more common. These are microscopic 




Figure 27.29 A: The contrast-enhanced US shows a small renal cell carcinoma at the lower pole of the right kidney B: Post RFA, the 
zone of ablation is seen as an echo-poor area, following US contrast administration. 



Figure 27.30 A: The contrast-enhanced CT shows a small renal cell carcinoma at the upper pole of the left kidney, B: Post RFA, the CT 
shows lack of enhancement within the zone of ablation. 
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Figure 27.31 A: The contrast-enhanced MRI shows a small renal cell carcinoma at the lower pole of the left kidney B: Post RFA, the MRI 
shows a clear margin of the ablated zone that displays a lack of enhancement. 


Ablation treatment of renal cell carcinoma 

• Radio-frequency ablation, microwave ablation and cryoablation 
are all possible. 

• Image-guided approaches favour CT over US. 

• Tumours less than 5.5 cm are suitable for treatment. 

• Exophytic tumours give the best results. 

• Risk of damage to adjacent structures can be minimised with 
hydrodissection or pyeloperfusion. 

• Best performed within a multidisciplinary cancer network 
environment. 


haematuria in up to two-thirds of cases, perirenal haematoma and 
post RFA syndrome. 58 Major complications are rare and include 
haemorrhage that requires blood transfusion, renal failure from 
acute tubular necrosis, urinoma/ calyceal-cutaneous fistula and ure¬ 
teric injury. 49 ' 59 ' 60 

In order to set up a programme, good core interventional radiol¬ 
ogy skills are required for those performing the procedure, as the 
technical success and complication rate is directly related to the 
operator's experience. 61 Service development also requires coopera¬ 
tive work within a cancer network, adequate resources and a multi¬ 
disciplinary team approach. To date, renal RFA is a safe and 
minimally invasive technique with good medium-term outcome 
data (within 5 years). Currently, long-term outcome data are 
awaited, though it is hoped and expected that these will be compa¬ 
rable to surgery. 
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DEVELOPMENT OF RENAL 
TRANSPLANTATION 


Renal transplantation is now regarded as a successful and routine 
procedure. However, the road to success has been paved with many 
setbacks along the way and indeed this journey dates back to the 
first experimental attempts of Carrel at transplantation at the begin¬ 
ning of the twentieth century, this seminal work resulting in the 
Nobel prize of 1912. 1 Non-immunosuppressed attempts at trans¬ 
plantation followed in the 1950s and were superseded by the more 
successful outcome of twin to twin transplants later that decade. 2 
However, this work was interrupted by many severe setbacks and 
pitfalls, leading many groups at the time to question whether 
further work in this area was both justified and likely to be 
successful. 

Despite these issues, with a better understanding of tissue rejec¬ 
tion, the introduction of steroids and azathioprine in 1963, 3 and 
more specifically the use of cyclosporin A by Caine et al. in the 
1970s, 4 the door to progress was opened and many groups were 
encouraged to persevere. 

Further development and progress of surgical techniques, com¬ 
bined with new more effective anti-rejection therapy with reduced 
toxicity, led to renewed enthusiasm. The addition of ultrasound as 


a diagnostic aid in the 1970s followed by Doppler a decade later 
and a rapid development of interventional radiological techniques 
all combined to give renewed impetus and these now represent 
routine, primary imaging examinations in this patient group. 5-7 
These advances resulted in more successful clinical outcomes and 
the routine operation we now all take for granted. It is safe to say, 
however, that without the dedication and fortitude of these early 
pioneers, it is unlikely that such progress would have been achieved 
and indeed a debt of gratitude is owed to those in the early pioneer¬ 
ing and informative years. 


BACKGROUND 


The number of patients with end-stage renal disease is rising and 
will continue to do so; it is not expected to plateau before the middle 
of the twenty-first century. This reflects a combination of an ageing 
population and a significant improvement in the long-term prog¬ 
nosis of patients with this condition, particularly those with 
co-morbid diseases such as diabetes mellitus. 8,9 Clearly this has 
public health resource implications and is unremitting in terms of 
diagnosis, treatment and long-term surveillance. It is therefore easy 
to appreciate that this constitutes a serious and chronic health 
resource issue. 10 








Immunosuppression 


There are a number of treatment options for end-stage renal 
disease and these include haemodialysis, peritoneal dialysis and 
renal transplantation. Of these, there is no doubt that transplanta¬ 
tion is the treatment of choice; however, there are limitations to the 
number of operations that can be performed. These are well recog¬ 
nised, not just by the medical staff involved, but also by the general 
public and the many and diverse public health campaigns which 
highlight the continuing shortage of suitable donor kidneys. 11 
Thankfully, improvements including better donor recipient match¬ 
ing, 12,13 the use of more potent immunosuppressive regimens, 
together with improved surgical techniques, have all resulted in 
improved outcomes. The 1- and 5-year graft survival in Europe has 
been improving since the mid-1990s and current figures show a 
1-year graft survival of 90% with a 5-year survival of 80%; there 
are slightly higher values for living donor kidneys and 
slightly lower values for second and subsequent transplants 
(www.uktransplant.org). 

There is universal agreement that renal transplantation is the 
treatment of choice for end-stage renal failure. A successful renal 
transplant will provide a glomerular infiltration rate (GFR) of up to 
50-60 mL per minute, which although only half of the normal adult 
value, is nevertheless sufficient to return the vast majority of 
patients to a normal, independent lifestyle. Such an improvement 
in the quality of life is difficult and some would say impossible to 
measure; however, in the harsh world of health economics, it is 
clear that the cost benefits of successful transplantation far out¬ 
weigh those of failure. This is one reason why resources are tar¬ 
geted on the pre-, peri- and immediate post-transplantation period 
in order to help ensure as positive an outcome as possible. The 
average life expectancy of a transplant kidney is approximately 
7-10 years, increasing to 15-20 years with a live donor organ. 
Although there are many and varied imaging techniques used 
when dealing with the transplant patient, there is no doubt that 
ultrasound remains central and crucial to the management of these 
patients and is very useful both in the early postoperative period 
as a non-invasive indicator of renal transplant dysfunction and in 
the long-term follow-up of many of these patients, particularly 
those with suspected renal artery stenosis. 


INDICATIONS AND CONTRAINDICATIONS 
TO TRANSPLANTATION 


There are few contraindications to renal transplantation and this 
treatment option should be considered for all patients with end- 
stage renal failure that is of a severity to require dialysis. Those unfit 
for transplantation are generally those who are unfit for general 
anaesthesia or surgery, such as those with severe cardiac disease, 
severe arteriopathy and severe respiratory disease. In addition, the 
known potential issues of immunosuppression in the context of a 
pre-existing infection and malignancy should be considered, as 
should the risk of recurrence of the renal disease, which is particu¬ 
larly evident in those patients with oxalosis or active vasculitis. 


DONOR SUPPLY 


Initially the main sources of organ transplantation were either 
brain-dead, ventilated organ donors or live related donors. The 
majority of transplants in the developed world are cadaveric in 
origin, whereas live related operations predominate in the develop¬ 
ing countries. The number of transplant operations is more or less 
constant annually, with perhaps a slight fall in the past few years 
reflecting the known shortage of transplant donors. Although 
cadaveric transplants have clearly reduced in number, this has been 
partially compensated for by an increase, particularly in the devel¬ 
oped world, in the number of live donor transplants. This latter 
group includes both live related and live unrelated transplantations 
which are now feasible and routine with a very similar outcome 


and prognosis. A number of small technical differences exist in 
terms of the surgical technique and recipient outcome between 
cadaveric and live donor transplants; however, the overall manage¬ 
ment of the recipient can be regarded as similar in both types. 


HISTOCOMPATIBILITY TESTING 


In order to reduce to a minimum the risk of rejection, the detection 
of donor-specific antibodies in the lymphocyte cross-match test is a 
contraindication to transplantation. 

The risk of subsequent episodes of acute rejection is partially 
dependent upon the degree of HLA matching between donor and 
recipient. The genes that determine the HLA antigens are located 
on chromosome 6. 14,15 The importance of such HLA matching is 
reflected in the improved graft survival of a fully HLA matched 
graft (T-half 17.3 years), compared with an incomplete HLA miss 
matched graft (T-half 7.8 years), 16,17 where T-half is the time taken 
for 50% of transplants that are functioning at one year to fail. 


PREOPERATIVE MANAGEMENT 


The transplant procedure should ideally be performed within 24 
hours of organ retrieval and at worst, 48 hours. During this period 
the recipient will have been chosen, appropriately prepared for the 
operation with screening for infection and cardiorespiratory reserve 
assessment, and initial dialysis undertaken, if any fluid or metabo¬ 
lite imbalance requires recorrection. 

A live related donor, who can be either a family member or close 
friend, is screened with a combination of clinical history, examina¬ 
tion and HLA status assessment. Other assessment tests for live 
donors will vary from centre to centre but will include a 24-hour 
creatinine clearance, serology, liver function tests, DMSA scan and 
either MRI or CT to assess anatomy; renal arteriography is largely 
reserved for difficult cases. 


SURGERY 


Traditionally the transplant vessels are anastomosed to the external 
iliac artery and vein in the case of the cadaveric transplant, and to 
the internal iliac vessels in a live related procedure. More than one 
artery may be present in 18-30% of the population; this can create 
technical difficulties for the surgeon. In the case of a cadaveric 
transplant this is addressed by suturing these vessels to a common 
Carrel patch. 18 Those receiving a third transplant kidney may 
require an intraperitoneal approach to the iliac vasculature. The 
vesico-ureteric anastomosis is performed by implanting the short¬ 
ened ureter into the dome of the bladder. A point worthy of con¬ 
sideration is that this procedure may result in ischaemia of the 
lower end of the ureter, particularly if the lower ureter is too long 
and affected by devascularisation at the time of retrieval. This can 
on occasion become functionally significant. In many centres, a 
ureteric stent is placed across the uretero-vesical anastomosis, 
which is normally removed at 3 months (Fig. 28.1). 

Postoperative complications vary from centre to centre but 
include bleeding (less than 1%), major vascular occlusion of the 
transplant artery or vein (1-2%), wound infection (1.6-6.3%) and a 
number of urological complications including obstruction, haema- 
turia and anastomotic leak (1.3-7%). 19-22 


IMMUNOSUPPRESSION 


The aim of immunosuppression is to prevent rejection but not at 
the expense of inducing infective complications or serious drug 














CHAPTER 28 • Renal transplantation 



Figure 28.1 Normal functioning transplant kidney in the early 
postoperative period. A ureteric stent (arrow) can be seen within the 
renal pelvis. 


Ultrasound and renal transplantation 

• 1 - and 5-year graft survivals are currently 90% and 80% 
respectively. 

• A combination of an ageing population and increased 
requirements for renal transplantation constitutes a major public 
health and ethical issue. 

• Contraindications to transplantation are few. 

• Early disease recurrence after transplantation is high in patients 
with oxalosis or active vasculitis. 

• Immunologically well-matched kidneys have a favourable 
outcome. 


toxicity. A number of options now exist with the various drug 
regimen combinations. The conventional regimen is likely to 
include a combination of ciclosporin (cyclosporin A), azathioprine 
and steroids (prednisolone). However, a number of newer agents 
exist including tacrolimus, 23 mycophenolate 24 and sirolimus 
(rapamycin); these are often used in the therapeutic cocktail. Other 
alternatives include antibody therapies such as anti-interleukin-2; 
these are effective and less toxic than the more traditional humoral 
agents which include OKT3 and antithymic globulin. These are 
often reserved for high-risk patients. Clearly the range and increased 
number of such options means that the immunosuppressive regi¬ 
mens will vary from centre to centre. 

The treatment of established acute rejection is normally with 
high-dose oral or intravenous steroids and, in resistant cases, with 
immuno-depletion using antibody therapy or tacrolimus. Unfortu¬ 
nately no effective treatment exists for either hyperacute or chronic 
rejection. 


IMAGING THE TRANSPLANTED KIDNEY 


Normally the renal transplant can be visualised easily in either iliac 
fossa as it lies a few centimetres beneath the skin surface and is 
therefore very easily accessible using ultrasound. Orientation of the 
kidney can be variable depending on the surgical technique 
employed and it is important for the sonographer to develop a clear 
idea of the alignment of the kidney. As for any ultrasonic technique, 
resolution clearly depends on a number of well-established factors 
including the depth of the transplant beneath the skin surface, the 
presence or absence of postoperative oedema, the amount of 
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Figure 28.2 Normal transplant kidney. The renal pyramids (thick 
arrows) are regularly spaced and hypoechoic relative to the cortex. 
They do not communicate and are readily differentiated from 
calyceal dilatation. A column of Bertin is easily visualised 
(arrowheads). The segmental vessels (thin arrows) can also be seen 
within the renal sinus. 


subcutaneous fat and patient build. In general a 4 MHz probe will 
give a very good overall assessment of the kidney, perirenal struc¬ 
tures and potential peri-transplant collections; it also allows inter¬ 
rogation not only of the intrarenal transplant vasculature but also 
of the more deeply situated iliac vessels and the anastomoses of the 
main transplant vessels. A higher-frequency probe, such as 7 MHz, 
gives excellent near-field resolution and beautiful anatomical detail 
of the renal transplant and high quality colour Doppler from within 
the kidney; however, in all but the thinnest of patients, use of 
such a probe will probably at best be suboptimal, and in some will 
not allow visualisation of the more deeply situated vascular 
structures. 

There is no difference morphologically between the renal trans¬ 
plant and the native kidney. The renal parenchyma peripherally is 
well defined with a bright echogenic pattern centrally representing 
the renal sinus fat. For the reasons defined above, the improved 
resolution of the renal transplant makes identification of the renal 
pyramids much more common; these are hypoechoic relative to the 
adjacent renal cortex. In addition, they are regularly spaced with 
no communication between them; this is a useful differentiating 
feature from calyceal dilatation (Fig. 28.2). 

In the early postoperative period it is not unusual to observe a 
mild degree of hydronephrosis in the transplant kidney. This is 
largely the result of some postoperative oedema producing lower 
ureteric compression in and around the vesicoureteric anastomosis. 
Although this may resolve with time, it can be variable. However, 
assuming renal function to be normal, a minor degree of dilatation 
is often documented as a baseline feature to which subsequent 
examinations can be compared. 

On occasion it can be confusing and difficult to differentiate the 
renal transplant artery and vein at the renal hilum from a dilated 
or prominent renal pelvis using real-time imaging alone. The 
situation can easily be clarified with the use of colour Doppler 
ultrasound. 

The bladder should be imaged routinely during all examinations 
when visible and should be echo-free. The presence of intravesical 
turbid echoes may indicate either haemorrhage or infection, 
depending on the clinical situation. 

Colour Doppler ultrasound is an extremely valuable tool in the 
assessment of the renal transplant for a number of different reasons. 









Imaging the transplanted kidney 



Figure 28.3 A and B: Normal colour Doppler scan of the transplant kidney. The intrarenal vessels are well visualised and extend to 
the periphery of the cortex. The arterial (red) and venous (blue) branches can be easily distinguished. C: Normal spectral Doppler waveform 
from an interlobar artery. Having selected and drawn around an appropriate arterial waveform the machine has automatically calculated 
both the PI and Rl (1.11 and 0.63 respectively). D: Normal colour Doppler scan of the origin of the transplant renal artery (thin arrows) as it 
arises from the external iliac artery (thick arrows). E: Spectral Doppler waveform of the transplant renal artery just distal to its origin. The 
normal renal artery waveform is well demonstrated and has a peak systolic velocity of 1.50 m/s. 


Primarily it provides an instantaneous appreciation of the intrare¬ 
nal vasculature and therefore gives a global impression of overall 
transplant perfusion. In addition, it can easily identify the trans¬ 
plant artery and vein and track these back to their anastomoses with 
the iliac vessels. Although such information is purely visual and 
qualitative in many circumstances, it is both helpful and reassuring 


(Fig. 28.3A, B). As with all Doppler techniques, in order to acquire 
quantitative information spectral Doppler analysis is required (Fig. 
28.3C). The technique of using colour Doppler and spectral Doppler 
analysis in the transplanted kidney has much in common with 
techniques used elsewhere in the vascular tree: the vessel is first 
identified using colour Doppler, the spectral gate is placed over the 












CHAPTER 28 • Renal transplantation 


lumen of the vessel and a spectral Doppler tracing obtained. With 
regard to the transplant kidney, the spectral Doppler waveform is 
characteristically of low resistance and has been described as having 
a 'ski slope' appearance with diastolic flow normally being at least 
a third of the peak systolic value. Any reduction in diastolic flow 
may reflect a pathological process and increased peripheral resist¬ 
ance in the kidney. Colour Doppler ultrasound is used most effec¬ 
tively in the early transplant period when serial studies are 
performed regularly until renal function is satisfactory. 

There are a number of Doppler indices that can be measured, 
including the pulsatility index (PI), resistive index (RI), the systolic 
to diastolic and diastolic to systolic ratios. Although all of these 
parameters may be used, the most commonly utilised ones are the 
pulsatility index (PI) and the resistive index (RI); there is no per¬ 
ceived advantage for one over the other. 

pi _ peak systolic velocity - end-diastolic velocity 

time-averaged mean velocity 

PI _ peak systolic velocity - end-diastolic velocity 

peak systolic velocity 

The main transplant artery can often be difficult to visualise due 
to its course, which can range from mildly curved to severely tortu¬ 
ous (Fig. 28.3D). A wide range of normal peak systolic velocities 
have been quoted for the artery, possibly as a result of this tortuos¬ 
ity. At our centre a cut-off value of 2.5 m/s is used. 25,26 Any value 
below this level is regarded as normal, whereas values above this 
level are taken to represent a significant transplant artery stenosis. 
Other centres have looked at this issue and some of these have 
chosen as their cut-off level a slightly higher value at 3 m/s. 27 Such 
differences could be explained by the use of different ultrasound 
systems, or differences in technique. Differences in the group of 
patients being evaluated may also be pertinent; our original study 28 
was performed on high-risk patients; whereas those in the 3 m/s 
study were patients at low risk for renal artery stenosis. 27 The exam¬ 
ination of the renal vessels can be time-consuming and quite an 
exacting procedure depending on the nature of the anatomy. Precise 
Doppler angle correction to ensure an accurate velocity reading is 
of paramount importance (Fig. 28.3E). 

There are no specific Doppler values for normal velocity in the 
transplant renal vein; however, most often the prime consideration 
with regard to this vessel, at least in the early transplant period, is 
simply to identify whether flow is present or absent. It is also vital 
that the iliac artery and vein are identified, primarily to distinguish 
them from the renal vessels and, secondarily, to exclude a more 
proximal lesion in the iliac vessel such as a stenosis in the iliac artery 
which may contribute to, or be the sole cause of, impaired renal 
function. 


Ultrasound technique 

• A 4 MHz ultrasound probe gives the best overall assessment of 
the transplant kidney. 

• Mild hydronephrosis is ‘normal’ in the early postoperative 
transplant period. 

• Serial colour and spectral Doppler ultrasound measurements can 
be used to monitor transplant dysfunction and response to 
therapy. 

• The PI and RI are the most commonly used Doppler indices; 
there is no advantage of one over the other. 

• The transplant and iliac vessels should always be identified 
separately to avoid confusion. 

• The peak systolic velocity in the transplant artery is normally 
<2.5 m/s. 


EARLY COMPLICATIONS 


Complications of renal transplantation are both varied and numer¬ 
ous. They include parenchymal insults such as acute tubular necro¬ 
sis (ATN), acute rejection or both, vascular occlusion, obstruction, 
urinary leak, collections, infections and drug toxicity related to anti¬ 
rejection therapy. Some of these complications can be differentiated 
through a combination of clinical history, bacteriology and ultra¬ 
sound. In practice the main differential diagnosis often lies between 
acute rejection and acute tubular necrosis, which can be a difficult 
diagnosis clinically as symptoms are generally absent. As both enti¬ 
ties require different approaches to treatment, early and accurate 
diagnosis is essential. Although many groups have tried, it has not 
been possible to differentiate these entities using colour Doppler 
imaging and, for definitive diagnosis, a histological sample is still 
required. 29,30 Despite this limitation ultrasound remains useful in its 
dual rule of not only helping to assess transplant dysfunction but 
also monitoring response to therapy. 31 

Acute tubular necrosis 


Acute tubular necrosis is common in the early transplant period, 
with up to 30% of patients requiring dialysis in the early postopera¬ 
tive period. Delayed graft function is rare in the live related donor 
situation. Acute tubular necrosis is primarily related to both the 
donor and the donor kidney and, in particular, the warm ischaemic 
time. In patients with established acute tubular necrosis requiring 
dialysis, recovery generally occurs within 1-2 weeks of transplanta¬ 
tion, although it may be delayed for significant longer periods of 
time of up to 3 months. 

Acute rejection 


The diagnosis of acute rejection is by biopsy. In experienced hands 
this is generally safe, with a complication rate of less than 5% for 
haemorrhage requiring blood transfusion and significant pain 
requiring analgesia. 32 The recommended technique for transplant 
biopsy is to use an automated core biopsy/cutting needle system 
under direct ultrasonic guidance. 33-35 Needle sizes can vary from 
14- to 18-gauge. In our institution we normally employ a 16-gauge 
needle, with at least two cores of tissue being obtained and, on 
occasion, three. Acute rejection can affect up to 40% of patients and 
peaks at 1-3 weeks post transplantation. Assuming the condition is 
recognised early, it is normally treated with high-dose steroids or 
antibody therapy. In general, patients are normally asymptomatic, 
although severe rejection can be accompanied by a flu like illness 
consisting of pyrexia and graft tenderness. Acute rejection must 
always be considered in patients with deteriorating renal function, 
and, as with acute tubular necrosis, it is often difficult to diagnose, 
particularly in those patients with non-functioning grafts. Unfortu¬ 
nately the occurrence of acute rejection, even if treated successfully, 
is an adverse long-term prognostic indication. 36 

Ultrasound in delayed function 


Whilst the appearances of acute rejection have been well docu¬ 
mented on real-time imaging, 37 these would now be regarded 
largely in an historical context and should essentially no longer be 
seen, particularly in the early postoperative transplant period; these 
classic features occur late, well after the onset of the rejection 
process. In addition, the findings are so arbitrary, varied and incon¬ 
sistent that they are of limited value. Features that have been 
described include a reduction in cortical medullary differentiation, 
reduction in renal sinus echoes, both increased and reduced renal 
parenchymal echoes, increased cortical reflectivity and so forth. It 
is noteworthy, however, that observations of increased renal 
length 38 and cross-sectional area 39 have been reported in patients 









Early complications 


with acute rejection and, although acute tubular necrosis has been 
described as causing a minimal increase in renal length, these fea¬ 
tures are much less marked when compared with those of acute 
rejection. Irrespective of these observations, none of these measure¬ 
ments have been adopted in routine clinical practice. 

With regard to Doppler ultrasound, there have been a significant 
number of studies performed testing the potential value of this 
technique in differentiating acute rejection from acute tubular 
necrosis, as a non-invasive alternative to renal transplant biopsy. 
Some of these initial results were both confusing and contradictory; 
the reasons for this have been well recognised and include inhomo¬ 
geneous study populations, inadequately defined end points and 
differing diagnostic criteria. In retrospect, the expectation of being 
able to ascribe some form of histological value to a non-invasive 
ultrasound test was probably, at best, optimistic. However, this 
technique continues to perform a useful clinical role in monitoring 
such patients with delayed function. 40 

The role of colour Doppler in the early postoperative period is 
therefore to help provide an overall qualitative impression of renal 
perfusion and on specific spectral Doppler analysis, quantify this 
with serial measurements. At our institution scanning is performed 
three times per week until renal function is established. Although 
differentiation of pathological entities, such as acute tubular necro¬ 
sis from acute rejection is not possible, serial measurement of the 
pulsatility and resistive indices, in conjunction with the many clini¬ 
cal and biochemical findings, help the renal physician decide 
whether to proceed or refrain from renal biopsy (Table 28.1). A PI 
less than 1.5 or RI less than 0.7 is normal; a PI greater than 1.8 or 


Table 28.1 Causes of elevation of PI/RI in the early 
transplant period 

Acute rejection 
Acute tubular necrosis 
Hydronephrosis 
Pyelonephritis 

Extrarenal collection; in up to 50%; lymphocele commonest 
Ciclosporin toxicity; normally no effect on RI/PI 
Renal vein thrombosis; reverse diastolic flow 


an RI greater than 0.7 should be regarded as abnormal. It is well 
recognised that both acute tubular necrosis and acute rejection can 
elevate both these values. 41,42 However, the higher the ratio, the 
greater is the likelihood of acute rejection. 43 Complete absence, or 
reversal of diastolic flow is likely to be due to acute rejection in the 
majority of cases. A normal resistive index or pulsatility index, 
however, does not exclude graft dysfunction and has been noted in 
up to 50% of patients with biopsy-proven rejection. Once a histo¬ 
logical diagnosis has been established, monitoring of treatment 
regimens can be documented using serial spectral Doppler meas¬ 
urements 31 (Fig. 28.4). 

With regard to the colour flow technique itself, power Doppler 
ultrasound has been promoted as a synergistic tool to colour 
Doppler, or even a replacement. However, there is no evidence to 
date that has shown any improvement of the power Doppler tech¬ 
nique over conventional colour Doppler, 44 and in the opinion of 
many, the loss of directional flow information in many circum¬ 
stances is disadvantageous for vessel identification, or in the detec¬ 
tion of renal artery stenosis. 

Other indices, including the acceleration time, have shown inter¬ 
esting results in the early transplant period with a short acceleration 
time on day 1 being associated with a longer duration of delayed 
function and an acceleration time of less than 90 ms on day 5 being 
associated with a high risk of rejection. 45 However, these results 
were published a number of years ago and they remain to be sub¬ 
stantiated. Conventional resistive and pulsatility index measure¬ 
ments remain the mainstay for monitoring transplanted kidneys 
using Doppler ultrasound. With regard to renal graft outcomes, it 
has also been shown that a resistive index of greater than 80, meas¬ 
ured at least 3 months following transplantation, is associated with 
subsequent poor graft performance and failure. 46 This work, again, 
has still to be substantiated and indeed an earlier prognostic value 
within 1 or 2 weeks of transplantation would be clinically more 
useful than a post 3-month assessment. 

Arterial thrombosis 


Arterial thrombosis is rare and affects less than 1% of transplants. 47 
It is often clinically silent and occurs in the early transplant period. 
It may be discovered either incidentally at a routine isotope reno¬ 
gram or on colour Doppler imaging scan in a patient with 




Figure 28.4 Delayed function. A: Spectral Doppler waveform from a kidney with delayed function in the first week of transplantation. 
This shows complete absence of flow in diastole with a only a small segment remaining. The PI was markedly elevated at 4.01. This 
prompted renal biopsy, which showed acute rejection. Appropriate anti-rejection treatment was started; the scan a few days later (B) 
showed restoration of normal diastolic flow and a PI of 1.27 consistent with a favourable response to treatment. 
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presumed delayed function. Predisposing factors include multiple 
renal vessels, paediatric donor kidneys and atherosclerosis in either 
the donor or recipient. The process is generally irreversible, result¬ 
ing in graft infarction and subsequent nephrectomy. If the graft has 
multiple arteries, it is possible for one vessel to thrombose resulting 
in focal segmental infarction but renal function may remain stable 
and satisfactory in the long term, depending upon the volume of 
kidney spared. 

The ultrasonic features of main artery thrombosis are striking, 
with complete absence of flow in both the kidney and the renal 
artery both on colour Doppler and spectral Doppler analysis. In this 
situation it is important to confirm that the ultrasound machine 
settings are optimised and adjusted for maximum sensitivity for the 
detection of low velocity flow. A good way of confirming thrombo¬ 
sis is to search for flow in alternative vessels either at similar depth 
to the transplant kidney or deeper to it, such as demonstrating flow 
within the deeper iliac artery and vein (Fig. 28.5). On occasion, a 
Doppler waveform may still be obtained from the main transplant 
artery; if this is the case, it is usually very abnormal with absent 
diastolic flow and significantly reduced amplitude. Assuming the 
colour features are as described above, this should not alter the 
suspected diagnosis. 

It is important to remember that absent intrarenal flow may also 
be seen in a number of other conditions, including hyperacute rejec¬ 
tion or renal vein thrombosis. In both of these scenarios, however. 


colour Doppler will show flow in the main transplant artery, which 
on spectral Doppler analysis will show reversed diastolic flow. 48 On 
occasion, trauma may be the cause of acute arterial occlusion sec¬ 
ondary to intimal dissection. This is, however, generally outside the 
early transplant period and the clinical history is normally highly 
suggestive. 


Venous thrombosis 


Venous thrombosis normally causes acute pain and swelling of the 
graft, often in association with an abrupt cessation of renal function 
and urine output. It is more common than arterial occlusion. A 
typical patient may be between the third and eighth postoperative 
day; if the patient has delayed graft function then pain and tender¬ 
ness will predominate, if the kidney is functioning then the sudden 
onset of anuria with or without pain will cause clinical concern. 49 
Although withholding ciclosporin and tacrolimus in the early post¬ 
operative period and the use of subcutaneous heparin or aspirin are 
thought to help avoid this complication, none of these options have 
been proven in clinical trials. Ideally a high index of suspicion is 
required in order that early diagnosis and intervention may salvage 
the transplant kidney. However, nephrectomy is still required in 
the vast majority of these cases. 



Figure 28.5 Absent intrarenal flow. A: B-mode image showing a normal looking transplant kidney. B: Colour Doppler scan of the same 
kidney. The PRF or colour velocity scale is set low for increased sensitivity. Despite this there is complete absence of intrarenal flow. Flow, 
however, can be visualised in the iliac artery (arrow) with some flash artefact in the surrounding tissues. The appearances are those of 
renal artery occlusion. C: The same kidney following the injection of intravenous microbubble contrast agent. This confirms patency of the 
iliac artery (arrow) but complete absence of intrarenal flow. 







Early complications 



Figure 28.6 Colour Doppler ultrasound from a patient who had graft tenderness and absent urine output in the early 
postoperative period. Significantly reduced flow is noted within the kidney (A) with only one definite arterial vessel seen in the upper pole. 
Venous flow was absent throughout the kidney and the main transplant vein. Spectral Doppler sampled from an intrarenal artery (B) 
showed reverse diastolic flow (arrows). The features are those of renal vein thrombosis. A graft nephrectomy was performed. 


Table 28.2 Reverse diastolic flow in the transplant artery 

Indicative of severe change 

Poor prognosis: 30% with reversed diastolic flow in the artery 
come to nephrectomy of. 1-2% without 
Non-specific sign 
Can be seen in: severe rejection 
severe ATN 
renal vein thrombosis 

Reverse diastolic flow suggests renal vein thrombosis 


The ultrasonic diagnostic criteria for venous thrombosis include 
a dilated renal vein with visible echogenic thrombus, intrarenal 
venous thrombus, absent flow in the transplant vein on colour 
Doppler imaging and reverse diastolic flow in the renal artery 
(Table 28.2), or indeed in the main intrarenal arterial vessels on 
spectral Doppler analysis 50,51 (Fig. 28.6). A low-amplitude parvus 
tardus venous waveform has been described in the intrarenal arte¬ 
rial tree in patients with this condition in whom it is thought that 
the renal vein occlusion is incomplete with a small amount of resid¬ 
ual intravenous flow remaining. Only a limited number of cases 
have been described and it is not clear in such cases if this alters 
outcome, or if the prognosis remains as universally poor as for 
complete venous occlusion. 52 

Obstruction 


Ureteric obstruction occurs in 1.3-10.2% of all transplants. 53 Early 
obstruction within 3 days of transplantation normally reflects either 
ureteric or bladder thrombus and can be relieved by simple meas¬ 
ures such as bladder irrigation. Obstruction thereafter may be due 
to a distal ureteric stenosis or to external compression of the ureter 
by a large lymphocele, haematoma or abscess. If warranted, such 
collections can be drained percutaneously, which will offer either 
temporary or permanent relief. In patients with suspected ureteric 
stenosis, nephrostomy followed by a contrast nephrostogram is 
normally performed. Depending on a number of differing circum¬ 
stances, the treatment options involve either reoperation or percu¬ 
taneous stenting and monitoring of renal function. 

Although a dilated collecting system can be clearly visualised 
with ultrasound it is important that this feature is not interpreted 


in isolation and is reviewed in conjunction with the biochemical 
data, as a degree of prominence of the collecting system can exist 
secondary to denervation of the renal pelvis and this does not 
equate to obstruction. It is also important to remember that hydrone¬ 
phrosis should always be considered as a cause of an elevated 
pulsatility or resistive index, particularly in the early transplant 
period. 

Haemorrhage 


This can occur from two sites: the transplant kidney or the wound. 
It is normally easily detected with ultrasound and is self-limiting. 
Intervention may occasionally be required to identify any bleeding 
point and subsequent haematoma. Catastrophic haemorrhage is 
rare and generally occurs secondary to either vascular rupture or 
an anastomotic breakdown. These latter two conditions are more 
likely when there is an associated deep wound infection, or post¬ 
biopsy haemorrhage. 

Urinary leak 


Urinary leaks may occur in up to 6% of renal transplant patients 
and are due to disruption and breakdown of the vesico-ureteric 
anastomosis, or necrosis of the distal ureter itself. 54 Symptoms 
include increasing abdominal pain, reduction in urine output and, 
on occasion, leakage of urine from the wound site. Ultrasound may 
demonstrate a new collection (Fig. 28.7), whereas a cystogram may 
show a bladder leak. On occasion, an isotope study can be helpful 
to demonstrate small leaks. Treatment is traditionally surgical 
repair although a temporising nephrostomy may be helpful in 
certain clinical situations. 

Post-transplant collections 


Various types of collection may occur in the post-transplant period 
and include abscess, haematoma (Fig. 28.8), lymphocele and 
urinoma (Fig. 28.7). Ultrasound can clearly identify the collection 
but cannot differentiate between the four different entities. The 
presence of internal echoes maybe seen more frequently in abscesses 
and haematomas but normally the clinical findings in conjunction 
with the ultrasonic appearances are likely to indicate the nature of 
the collection. If doubt persists and definitive diagnosis is required, 
then percutaneous aspiration with or without formal drainage can 
be performed. 
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The most common collection is a lymphocele, occurring in 0.6- 
18% (Fig. 28.9). Although these can be treated with various sclero¬ 
sants in an attempt to cure, the success of this approach has been 
mixed. Recognised treatment options are now based on laparo¬ 
scopic marsupialisation, which is both safe and effective. 55,56 

Ciclosporin and tacrolimus toxicity 


Both of the above agents are calcineurin inhibitors and represent a 
major advance in organ transplantation. Unfortunately there are 
side effects with both these agents as they are nephrotoxic, produc¬ 
ing a reversible renovascular constriction acutely and an interstitial 
fibrosis chronically. 57 As a result of this, recovery from acute tubular 
necrosis may be delayed and, indeed, these drugs may induce 



Figure 28.7. Longitudinal scan of a large cystic collection just 
superior to the bladder. An 8F pigtail catheter was inserted and can 
be easily identified (arrows). Analysis of the drainage fluid showed 
this to be urine, i.e. the collection was a urinoma. 


irreversible chronic damage to the transplant kidney. Furthermore, 
a diagnosis of nephrotoxicity in the acute setting of a non¬ 
functioning graft is notoriously difficult and therefore many clini¬ 
cians avoid the use of these drugs if possible. Serum drug levels 
and renal biopsy are traditional but imperfect methods of diagnosis 
of toxicity. Ultrasound is generally unremarkable, as these drugs 
do not produce any significant change in diastolic flow. 58 Occasion¬ 
ally a reduction in diastolic flow has been noted, but this is 
non-specific. 

Infection 


The transplant patient is prone to a number of infections, particu¬ 
larly those of the chest, wound and urinary tract, in the early post¬ 
operative period. Wound infections are likely to be due to 
Staphylococcus , whereas urinary catheters and reflux predispose to 
urinary tract infections. The latter can cause a deterioration in renal 
function which may be indistinguishable from acute rejection and, 
although rare, it is not unknown for pyelonephritis to be diagnosed 
on transplant biopsy in patients with suspected acute rejection. 
Ultrasound has little or no role in the diagnosis of infection, 
although it is important to remember that infection may adversely 
affect the pulsatility and resistive ratios. 


Acute complications 

• 10-30% of patients require dialysis for ATN following 
transplantation. 

• Acute rejection can develop in up to 40% of patients following 
transplantation. 

• Colour and spectral Doppler are necessary for graft monitoring; a 
PI <1.5 or Rl <0.7 is normal. 

• Vascular occlusions, ureteric obstruction, collections and infection 
can all elevate the PI and Rl indices. 

• Arterial and venous occlusions carry a poor prognosis and often 
result in transplant nephrectomy. 

• Most transplant collections are benign; drainage is only 
performed when appropriate. 

• Ciclosporin toxicity has no effect on Doppler indices; diagnosis is 
suspected on blood levels or at biopsy. 



Figure 28.8 A: A large postoperative psoas collection is noted. This is of mixed echogenicity. The patient’s haemoglobin had fallen 
significantly. The appearances are consistent with haematoma. B: The transplant kidney (arrows) lies inferior to the psoas haematoma 
(thick arrows). 







Late complications 
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Figure 28.9 A: A peri-transplant collection (thick arrows) superior to the bladder had been unchanged over a number of years. A ureteric 
stent is also noted within the bladder (thin arrows). B: This collection (arrows) was partially septated and presumed to be a lymphocele. 
The patient was asymptomatic and therefore no treatment was indicated. 


LATE COMPLICATIONS 


Ureteric stenosis 


As mentioned previously, the lower end of the transplant ureter is 
prone to ischaemia, which can result in secondary stricture forma¬ 
tion, hydronephrosis and deterioration in renal function. This is 
largely related to the surgical technique as the vascular supply to 
the lower two-thirds of the donor ureter is lost when the kidney is 
excised; the main supply to the remaining upper third of the ureter 
in the transplant kidney is supplied by vessels from the transplant 
kidney An over-long ureter therefore is at risk of an ischaemic 
related stenosis at its lower end. This complication can progress 
insidiously with a deterioration in overall renal function as a late 
event. In view of this, routine ultrasound screening is therefore 
performed to detect any signs of developing ureteric stenosis as 
early as possible, so as to prevent permanent severe renal damage. 
Annual review scans are strongly encouraged. 

Transplant artery stenosis 


Transplant artery stenosis occurs in up to 10% of patients, 59 the 
clinical suspicion being elevated in patients who have hypertension 
resistant to traditional therapy, a deterioration in renal function of 
unknown cause, a combination of the two, or a reduction in renal 
function following ACE (angiotensin-converting enzyme) inhibitor 
therapy. A number of predisposing factors are recognised, includ¬ 
ing renal donor arterial sclerosis and when small paediatric renal 
donor arteries are anastomosed to adult patients' vessels (Table 
28.3). Opinions vary as to the best diagnostic test, with advocates 
for isotope renography, angiography, magnetic resonance angiog¬ 
raphy and ultrasongraphy. 28,60,61 The eventual choice, as in a number 
of situations, will depend upon local expertise and availability of 
technology. In common with a number of other centres, we cur¬ 
rently use colour Doppler ultrasound as a first-line imaging test and 
if this confirms a stenotic lesion, proceed to arteriography with a 
view to percutaneous angioplasty and stenting after appropriate 
clinical discussion. 

The transplant kidney artery is known to course in a very variable 
fashion with numerous twists and turns from its anastomosis on 


Table 28.3 Transplant artery stenosis 

Occurs within 3 years of transplantation 
Incidence 3-12% 

More common in cadaveric and young kidney donors than in 
living related donors 

Clinical presentation includes renal dysfunction, hypertension, 
graft bruit, deterioration in function with ACE inhibitor 

Most stenoses (>50%) occur at the anastomosis or just distal to it 
Anastomotic: Aetiology: focal intimal fibrosis 
End to end three times as common as end to side 
Proximal: Aetiology: atheroma donor vessel or clamp injury 
Distal: Aetiology: intimal hyperplasia 
More common in end to side anastomoses 


the iliac artery to the renal hilum. Because of this, colour Doppler 
ultrasound can be difficult to perform and requires accurate angle 
correction for precise spectral Doppler quantification and velocity 
measurement. In addition, it can be difficult to distinguish a focal 
stenosis from renal artery tortuosity. As the latter may also alter 
haemodynamics and thus peak systolic velocity readings, this 
clearly represents a significant potential pitfall of the technique. 
Although some of these twists and turns can be better delineated 
with power Doppler, the disadvantage of this technique is that a 
stenosis can be masked; therefore colour Doppler still remains the 
preferred option (Fig. 28.10). 

The examination of the transplant renal artery must begin with 
an interrogation of the proximal iliac artery, as a stenosis in this 
vessel may adversely affect and reduce renal function 62 (Fig. 28.11). 
With regard to transplant artery stenosis, the majority of these 
lesions occur at, or close to, the anastomosis with the iliac artery 
and produce an area of aliasing on colour Doppler indicative of a 
focus of elevated velocity (Fig. 28.12A). In our centre a peak systolic 
velocity of 2.5 m/s or greater within the transplant renal artery is 
considered to be diagnostic of transplant artery stenosis 28 (Fig. 
28.12B). We have found this to be accurate, but a range of values 
does exist and other workers have found a velocity of 3 m/s to be 
a better discriminator, 25,27 although this level is based upon a study 
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Figure 28.10 A: Colour Doppler scan of the transplant artery (arrows) at its origin from the external iliac artery (thick arrow). The change in 
direction of flow within the transplant artery is easily appreciated. The external iliac vein (arrowhead) is also clearly visualised and 
differentiated due to the colour coding. B: Power Doppler scan of the same area as in A with exactly the same labelling for comparison. 
There is no sense of flow direction and vessel identification is harder as a consequence. 



Figure 28.11 A low-amplitude monophasic waveform 
throughout the iliac artery. This was secondary to proximal iliac 
disease. Iliac disease (stenosis or occlusion) can not only affect the 
transplant artery waveforms but may cause a reduction in renal 
function. 


group of lower risk patients. Clearly, exact cut-off levels will depend 
upon many factors and departments should review and audit the 
level that is appropriate for their practice. 

Secondary Doppler findings of renal artery stenosis include 
marked downstream turbulence (Fig. 28.12C), spectral broadening 
and flow reversal, all of which may be seen distal to the primary 
stenotic site and help add weight and confidence to the primary 
diagnostic findings. The transplant kidney, being superficial in 
position, contributes to the relative ease of examination of the main 
transplant vessels, which can almost invariably be identified in all 
patients. Reliance on the secondary signs of stenosis, such as the 
parvus tardus effect within the intrarenal arterial vessels (Fig. 
28.12D), as an aid to primary diagnosis is therefore less important 
than it would be in the native kidney. 28 Kidneys with dual arteries 
may have a stenosis affecting only one of the vessels and care must 
be taken to examine both components (Fig. 28.13). As well as main 
transplant vessel lesions, intrarenal branch stenoses have been 
described although these are difficult to diagnose with all modali¬ 
ties, even angiography. 


Clinically it can be difficult to know which patients to refer for 
therapeutic angioplasty/stent and which simply to observe and 
treat conservatively. Any intervention must be clinically justified as 
many of these patients remain clinically stable, or even improve 
over time; it has also been shown that the majority of these lesions 
are stable and non-progressive. 63 

A recently published study, although not randomised, demon¬ 
strated that for two largely equivalent groups a conservative 
approach to transplant artery stenosis was as optimal in terms of 
renal function and blood pressure control as intervention over a 
course of 3 years. 64 Any therapeutic interventional procedure, 
together with their potential risks, must be clinically justified, par¬ 
ticularly as the benefits of a more conservative approach become 
appreciated. Nevertheless, transplant artery stenting remains a 
useful therapeutic option for a number of patients, such as those 
with episodes of flash pulmonary oedema. 

Colour Doppler ultrasound is helpful not only in diagnosis, but 
also in monitoring these patients to detect signs of disease recur¬ 
rence 65 in those previously treated with angioplasty and/or stent¬ 
ing. Both the intrarenal pulsatility and resistive indices together 
with the peak systolic velocity in the transplant artery have been 
shown to be effective detectors of recurrence. In our centre, the 
preferred measurement is the peak systolic velocity. 

Arteriovenous fistulae 


Arteriovenous fistulae (AVF) can result from previous renal trans¬ 
plant biopsy and have an incidence of approximately 1-2%. In 
general most are of little clinical significance and resolve spontane¬ 
ously as reflected in one study where, with an incidence of up to 
10% following biopsy, all but one of the ten fistulae had resolved 
on follow-up scans. 66 In another study the incidence was 16.7%, 
with 75% closing within a month and 25% persisting longer than 
one year (three patients). 67 Those AVFs that persist normally give 
rise to very pathognomonic and spectacular colour Doppler appear¬ 
ances. Clinically they have been considered to be a potential cause 
of both hypertension and impaired renal function but neither of 
these scenarios is a common problem. In practice, these lesions are 
often simply observed and radiological intervention is only consid¬ 
ered if a fistula is actively bleeding or significantly increasing in size 
and causing a 'steal syndrome' from the kidney, when the benefits 
of embolisation may be considered to outweigh those of conserva¬ 
tive management. 
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Late complications 



Figure 28.12 Transplant artery stenosis. A: Colour Doppler image at the origin of the transplant renal artery demonstrating an area of 
aliasing (arrow) within the proximal transplant artery with normal laminar flow within the iliac artery (thick arrow). The aliasing was focal and 
the colour velocity scale was set high. The appearances are those of a transplant artery stenosis. B: Spectral Doppler waveform through 
the area of aliasing in the transplant artery showed a markedly elevated peak systolic velocity of 5 m/s and spectral broadening, all 
features of a renal artery stenosis. C: Spectral Doppler downstream from the main stenosis showing marked turbulence as demonstrated 
by the marked and varied irregularity of the waveform itself. D: Spectral Doppler waveform from a segmental renal artery in the same 
patient showing the parvus tardus effect indicative of a more proximal stenosis. 


The ultrasonic appearances of an AVF include a focus of high 
flow on colour Doppler with spectral Doppler showing both arterial 
and venous components. This is easily differentiated from 'high 
flow' that may be present in other parts of the transplant kidney by 
the simple manoeuvre of increasing the pulse repetition frequency 
(PRF) to a level that results in non-visualisation of the normal intra- 
renal vasculature on colour Doppler, with only the pathological 
high flow in the fistula being observed. This simple manoeuvre is 
in itself diagnostic (Fig. 28.14). On further analysis the spectral 
Doppler arterial waveform shows an increase in both systolic and 
diastolic flow within the affected area of the fistula and as a result 
the pulsatility index or resistive index will either remain normal or 
will be slightly reduced when compared with that of the normal 
surrounding vessels. 68 Venous flow can be either normal or turbu¬ 
lent and a large draining vein with arterialised flow may also be 
visualised. 

Ciclosporin and tacrolimus toxicity 


Both these drugs have been discussed previously and their toxic 
effects on renal function are well recognised. Continued adminis¬ 
tration may lead to a progressive deterioration in function, which 


can be difficult to differentiate from chronic rejection and therefore 
often a therapeutic trial of dose reduction or conversion to an 
alternative immunosuppressive agent may be required. Following 
this, a small but significant number of patients may respond 
positively. 


Acute rejection is an unusual late complication. If present, non- 
compliance with drug therapy should be strongly considered. Diag¬ 
nosis and treatment are as previously discussed for acute rejection 
in the postoperative period. 

Chronic rejection 


Chronic rejection leads to a gradual deterioration of renal function 
beginning at least 3 months following transplantation with biopsy 
appearances of fibrous intimal thickening, interstitial fibrosis and 
tubular atrophy. The most consistent predisposing factor is that of 
previous episodes of acute rejection. There is no effective treatment 
and all efforts are concentrated towards preventing episodes of 
acute rejection as a method to retard the progress of chronic 


Acute rejection 
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Figure 28.13 A: Colour flow images depicting two renal vessels 
from the same iliac artery patch origin. One vessel shows normal 
laminar flow (thin arrow) whilst the other shows aliasing (thick arrow) 
suggestive of a renal artery stenosis. B: Spectral Doppler from the 
normal vessel (thin arrow in A) showing a normal peak systolic 
value. C: Spectral Doppler from the aliased vessel (thick arrow in A) 
showing a significantly elevated peak systolic velocity of 3 m/s 
indicative of a transplant artery stenosis. 


rejection. Ultrasonic features of chronic rejection include increased 
transplant echogenicity and a reduction in the normal number of 
intrarenal vessels. These signs, however, are of minimal prognostic 
significance as renal function does not correspond with the appear¬ 
ances and the role of ultrasound is limited in diagnosis (Fig. 28.15). 

Urinary tract infection 


Asymptomatic bacteriuria is common and has a good prognosis. 
Symptomatic infections are also common and can cause pyuria, 
pyelonephritis (Fig. 28.16) and a temporary reduction in overall 
graft function. Repeated infections can lead to underlying structural 
abnormalities such as calculi (Fig. 28.17), obstruction and reflux 
(Fig. 28.18). Chronic repeated infections occasionally lead to 
malacoplakia. 

Recurrent disease (Table 28.4) 


A number of forms of glomerulonephritis may cause recurrent 
disease in the transplant kidney, although early recurrence and 
graft failure is rare. Recurrent disease is more commonly seen in 
long-term recipients with diabetes mellitus, amyloidosis and cysti- 
nosis. In patients with oxalosis or active vasculitis, disease recur¬ 
rence and renal damage are more common in the earlier stages 
following transplantation. 69 Ultrasound again has no specific role 
apart from excluding the known treatable causes of reduced renal 
function which have been described. 


Chronic complications 

• The lower end of the transplant ureter is at risk of an ischaemic 
related stricture. 

• Transplant artery stenosis occurs in up to 10% of patients. 

• The peak systolic velocity in the transplant renal artery is the best 
measurement for the detection of RAS. Cut-off values vary 
between 2.0 and 3.0 m/s. 

• In our institution the cut-off value is 2.5 m/s. 

• AVFs have an incidence of 1-2%. The vast majority are benign 
but ultrasonically interesting. 

• Vascular steal is uncommon. 

• Chronic rejection is a diagnosis of exclusion for which there is no 
effective treatment. 

• Long-term risk factors are related to cardiovascular disease, 
infection and the risk of malignancy. 


Other complications 


Increased morbidity and mortality following renal transplantation 
is normally due to either cardiovascular disease, malignancy, or 
infection secondary to immunosuppression. Cardiovascular risk 
factors include hypertension, left ventricular hypertrophy and 
altered liver profile. To date no specific targeting of these areas has 
shown any survival improvement. 

In contrast, however, the incidence of infection has been signifi¬ 
cantly reduced. Improvements in immunosuppression regimens 














Combined renal and pancreatic transplantation 



Figure 28.14 A: Colour flow image of a transplant kidney demonstrates a focus of high flow (arrow); the velocity scale is set at a low level. 
Another area of apparent focal flow is also noted (arrowhead). B: The same patient as in A; however, this time the velocity scale has been 
significantly increased. Now, only the pathological high flow of the AVF persists (arrow). These appearances are pathognomonic of an AVF. 
C: Spectral Doppler of the feeding artery to the AVF shows markedly elevated peak systolic (3 m/s) and diastolic values (1.5 m/s). D: A 
normal intrarenal Doppler waveform from a different area of the kidney for comparison. 


Table 28.4 Late complications of renal transplantation 

Renal artery stenosis 
Arteriovenous fistula 
Hydronephrosis 
Recurrence of disease 
Chronic rejection 
Malignancy 
Infection 


and improved targeting of these agents in combination with an 
increased awareness of the different types of infection that may 
occur have all contributed to improved outcomes. 

Malignancy remains an issue and with the increased longevity of 
transplanted kidneys, the number of malignancies developing is 
slowly increasing (Fig. 28.19). The most likely lesions following 
transplantation are skin-related malignancy, cervical cancer and 
non-Hodgkin's lymphoma. It is therefore obvious that careful 
supervision of the transplant population is required so that earlier 
diagnosis may result in improved prognosis for each of these 
disorders. 70 


COMBINED RENAL AND PANCREATIC 
TRANSPLANTATION 


A detailed description of combined organ transplantation is beyond 
the scope of this chapter. As for the renal transplantation, patient 
selection is crucial and depends upon a multidisciplinary pre¬ 
transplantation evaluation team. A successful outcome will restore 
blood glucose levels to normal, improve neuropathy in most 
patients and prevent recurrence of diabetic nephropathy in the new 
kidney. It may also prevent the secondary complications of diabetes 
but the effect on established lesions is not clear. 

The standard surgical technique results in anastomosis of the 
pancreatic veins, and thus pancreatic endocrine production, to the 
iliac vein with exocrine drainage via the pancreatic duct drained to 
the bladder. 71 However, this is gradually being replaced in many 
centres by endocrine drainage to the portal system and drainage of 
the exocrine secretions to the bowel. The transplant kidney is dealt 
with in the standard surgical manner. 

Vascular complications are the most common and occur in 12% 
of patients; 5% of vascular complications are arterial and 7% venous. 
Other complications include rejection, infection and allograft pan¬ 
creatitis. The overall survival of a combined pancreatic renal trans¬ 
plant is 83%, 72.9% and 65.5% at 1, 3 and 5 years respectively. 
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Figure 28.15 A: Normal colour Doppler image showing 
parenchymal vessels extending to the surface of the transplant 
kidney. B: Colour Doppler image of a 15-year-old transplant kidney 
with a paucity of intrarenal vessels. Renal function was good. 

C: Colour Doppler image of a 13-year-old transplant kidney. Renal 
perfusion is clearly better with good demonstration of small vessels 
to the periphery of the cortex. Renal function was similar to the 
patient in B. 



USE OF MICROBUBBLE 
CONTRAST AGENTS 


Imaging of the transplant kidney has been described earlier in the 
chapter. Given the relatively superficial position of the transplanted 
kidney and the improvements in resolution of ultrasound over 
time, imaging of the transplant is, for most patients, relatively 
straightforward. It is therefore difficult to imagine a situation when 
the use of a microbubble contrast agent may be helpful in the trans¬ 
plant kidney. However, many questions remain unanswered with 
conventional imaging and whilst no definitive and proven renal 
transplant application currently exists, a large amount of prelimi¬ 
nary work is being undertaken to see if functional imaging 
using microbubbles may be of help in the assessment of renal 
transplants. 72 ' 73 

Functional contrast studies remain very much in development 
and therefore the applications discussed below are to some 
extent under assessment, rather than being routinely employed 
clinically. 

Hydronephrosis 


Many 'normal' transplant kidneys have some element of pelvical- 
yceal dilatation. In the early postoperative period, approximately 
35-40% of kidneys will suffer from delayed function and it is dif¬ 
ficult to know the significance of these mild hydronephrotic 


changes. It has been shown in animal studies that after creating an 
obstructive hydronephrosis and thereby increasing the intrarenal 
pressure, the time intensity curve measured after microbubble 
injection is altered in those kidneys with severe acute obstruction. 74 
The clinical situation, however, is different from the idealised 
setting of the laboratory, although this may remain one potential 
application of microbubbles in the assessment of transplant 
kidneys. 

Monitoring in the early postoperative 
transplant period 


Delayed function is normally due to either acute tubular necrosis 
(ATN) or acute rejection. This can be difficult to assess as symptoms 
are generally absent. A number of centres use serial spectral Doppler 
to judge if there is any deterioration or improvement over time; 
however, if a definitive diagnosis is required, then transplant 
biopsy is performed. Although few centres still perform nuclear 
medicine routinely, it is interesting to note that an intravenous 
injection of a microbubble contrast agent produces a very similar 
time intensity arterial curve to that obtained at renography in native 
kidneys; it therefore provides both functional information and 
excellent greyscale anatomy. 75 It is difficult to say what impact this 
technique may have for the management of transplant kidneys 
(Figs 28.20 and 28.21). 

It is too early to determine whether there is hidden information 
in these microbubble time intensity curves that may help 
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Use of microbubble contrast agents 




Figure 28.16 Longitudinal (A) and transverse (B) images of a 
15-year-old transplant kidney in a patient with multiple recent and 
current urinary tract infections. This shows a focal hypoechoic area 
within the kidney (arrows). Flow was noted on colour Doppler within 
it (C). The appearances were suspicious of tumour and the lesion 
was biopsied. Histology showed an area of focal pyelonephritis. 



Figure 28.17 A group of three small calculi. One with distal 
acoustic shadowing (arrow) is seen at the lower pole of the 
transplant kidney. 



Figure 28.18 Extended field-of-view scan of a transplant 
kidney showing focal cortical loss at the upper pole (arrow) 
secondary to reflux. 
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Figure 28.19 A: Real-time image of a normal transplant kidney with a sharply defined echogenic lesion (arrow) at its pole. The 
appearances are those of a benign angiomyolipoma. B: A chronic non-functioning transplant kidney with extensive internal calcification and 
distal acoustic shadowing akin to autonephrectomy. C: The same patient as in B. The patient presented with haematuria. It is important to 
check not only the transplant kidney(s) in this situation but also the native kidneys. A scan of the right kidney showed a renal tumour 
(arrows) accounting for his symptomatology. 




Figure 28.20 A series of images taken 
from a dynamic study of a transplant 
kidney following the intravenous injection of 
a microbubble agent. This study was 
conducted in the early postoperative phase 
as the kidney had delayed function. A: The 
baseline scan prior to contrast injection. 

B: Shortly after injection; this shows good 
cortical enhancement highlighted against the 
darker pyramids (arrows). C and D: Later 
images which show an even distribution of 
contrast in both the cortex and pyramids. 
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Figure 28.21 A: A time intensity curve from the renal cortex during dynamic microbubble injection. Various parameters can be measured 
including the arrival time from injection, the gradient of the curve, time to peak and peak value, and the area under the curve. B: Graph of 
uptake following microbubble injection showing cortical and pyramidal time intensity curves. 
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Figure 28.22 A: Baseline colour Doppler scan shows minimal flow to the pole of the transplant kidney (arrows). It was not clear if this was 
a technical problem, or an area of infarction. B: Following injection of microbubbles it is clear that the agent has been evenly distributed to 
all areas of the transplant kidney (arrows). There is no evidence of focal infarction and the appearances on colour Doppler were 
presumably therefore technical in origin. 


differentiate the various pathological entities, or even if there is 
some hidden prognostic information on the longevity of the renal 
transplant. Differences have been noted in the time to peak enhance¬ 
ment values and the wash in and wash out curves between normal 
transplant kidneys and those with a parenchymal insult such as 
acute tubular necrosis or acute rejection. In addition, heterogeneous 
enhancement of the cortex with microbubbles was noted in the 
kidneys with acute parenchymal disease. 76 Furthermore it has also 
been shown that with this dynamic method the arterial venous 
transit time can be calculated - again clinical applications of such a 
technique are unknown. 

Vascular applications 


Vascular occlusion 

The diagnosis of renal artery occlusion is a catastrophic event for 
any transplant patient. It is rare that a contrast-enhanced study 
would be required to confirm this diagnosis. Sometimes, however, 
multiple renal arteries are transplanted with the kidney and one 
may suffer damage in the early postoperative period. It is useful to 
know if there has been segmental infarction and the extent of such 
involvement. This can be a difficult diagnosis to make confidently 
in some patients on conventional colour Doppler scanning and a 
more dynamic analysis of the renal circulation following the injec¬ 
tion of a microbubble contrast agent is much more revealing in this 
clinical situation (Fig. 28.22). It has been shown that use of such an 
agent can quantify both total and regional blood flow in dogs; 77 this 
may be one of the more clinically useful applications of these agents 
in relation to renal transplantation. In some circumstances such as 
with patients with reduced renal function in the early transplant 
period for unknown reasons, it has occasionally been enlightening 
to see focal areas of unsuspected renal infarction (Fig. 28.23). 

Renal artery stenosis 

The vast majority of transplant artery stenoses can be diagnosed 
with conventional colour Doppler. The routine use of a micro¬ 
bubble agent is not normally required but in the relatively rare 


Microbbubles 

• Functional studies with microbubbles have demonstrated similar 
curves to isotope studies. 

• Transit studies with microbubbles may prove helpful in the future. 

• Contrast-enhanced ultrasound is generally not required in the 
diagnosis of transplant artery stenosis, or major vessel occlusion. 

• Segmental infarction of the transplant kidney is easily visualised 
with microbubble-enhanced ultrasound. 

• Microbubbles can help in the differentiation of ‘complicated 
cysts’. 

• Early results from microbubble studies are encouraging; however, 
standardisation of the functional technique is required. 


circumstances when the vessel is difficult to visualise due to patient 
build, deeply situated vessels, bowel gas etc., microbubbles may 
have a limited role. 

Renal masses 


Transplant kidneys, like the native kidney, may develop cysts or 
tumours. With increased longevity of the transplant kidney, a defi¬ 
nite but small increase in the incidence of tumours has been noted 
in the transplant population. These can occur at multiple sites; 
however, the differentiation of a cyst from a tumour, or clarification 
of the nature of a 'complicated cyst' can be helped with the use of 
microbubble agents 78 (Fig. 28.24). It is important to remember, 
however, that complementary imaging also includes CT and on 
occasion MRI. 

Potential applications 


A number of other potential applications of microbubble time inten¬ 
sity curves can be considered for the future. These may address 
issues including their relationship with eGFR and creatinine and 
any potential predictive value for the overall prognosis for the 
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Figure 28.23 A: Colour Doppler ultrasound of a transplant kidney in the early postoperative period showing a lack of colour flow from the 
cortex anteriorly (arrows). It was not clear if this was technical, or if the vascular supply to this area was compromised. B: Following the 
injection of microbubbles, it can be seen that the anterior cortex is devoid of perfusion (arrows). This wedge-shaped defect is in keeping 
with an area of infarction. 



Figure 28.24 A: Real-time scan of a native kidney in a patient with loin pain, hypotension and falling haemoglobin. A large inhomogeneous 
mass was visualised (arrows). The diagnosis was either one of a bleed into a cyst or tumour. B: Following the injection of a microbubble 
agent it was obvious that the lesion was not simple. Focal areas of contrast enhancement (arrows) were seen around the wall of the lesion. 
The appearances were therefore those of a cystic tumour with internal haemorrhage. 


transplant kidney, prediction of chronic rejection, or indeed any 
potential applications in the monitoring of drug-related studies. All 
of these areas remain potential fruitful areas of clinical research. 
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INTRODUCTION 


Ultrasound is a dynamic examination, with the huge benefit over 
other cross-sectional imaging of direct patient contact. The examina¬ 
tion can be tailored to the patient's physical state and to their clinical 
problem. Supplementary ultrasound views can be acquired imme¬ 
diately, as dictated by any clinical history elicited. Ultrasound of the 
bladder is usually performed as part of a more comprehensive 
examination of the urinary tract, or in the assessment of the pelvis 
as a whole. As such, the 'ideal' scanning sequence will be deter¬ 
mined by the appearances of the kidneys or other organs. This 
chapter sets out to embody all aspects of bladder ultrasound, in the 
expectation that in daily practice, the examination of the lower 
urinary tract will be adapted to each patient. 


ANATOMY 


Gross anatomy 


The bladder is a midline structure, supported by the pelvic floor 
(levator ani and obturator internus muscles), and protected by the 
pubic bones anteriorly. From puberty, the bladder, when empty, is 
confined to the pelvic cavity. Its macroscopic anatomy varies 
according to its degree of distension. When empty, the anterior wall 
points toward the symphysis pubis; the middle umbilical ligament, 
contiguous superiorly with the umbilicus, arises from the anterior 
wall. The posterior wall (when empty) is triangular, pointing inte¬ 
riorly toward the rectum. The immediate posterior relations are, in 
the male, the distal ends of the vas deferens, the seminal vesicles 
or, in the female, the inferior uterus and cervix and vagina. The 
dome or superior surface is bounded by peritoneum, the sigmoid 
colon and loops of small bowel. As the bladder begins to fill, it rises 
out of the pelvis, and the superior margin enters the abdominal 
cavity, causing the peritoneal reflection to ascend. By the time the 
bladder contains 500 mL of urine, it has adopted an oval shape 
approximately 12 cm in long axis. The lateral walls bow outwards 
separated from the pelvic side walls by the iliac vessels and lymph 
nodes. The inferior margin of the bladder is relatively fixed, altering 
little in position regardless of the degree of bladder distension. 

In the male, the base of the bladder sits on the prostate, to which 
it is bound by the puboprostatic ligaments. In the female, the pos¬ 
terior inferior bladder melds through alveolar tissue to the anterior 
surface of the cervix and upper vagina. More superiorly, the poste¬ 
rior female bladder is separated from the uterus by the vesico¬ 
uterine peritoneal reflection. 


Microscopic anatomy 


The bladder wall is formed of four layers: the serosa (outermost, 
formed from the peritoneum), the muscular layer, the submucosa 
and the mucosa. The muscular layer (detrusor muscle) comprises 










Techniques 


three bands of smooth muscle fibres arranged variously in longitu¬ 
dinal and circular array. The layers cannot be distinguished on 
ultrasound. The muscle fibres form the involuntary internal sphinc¬ 
ter at the bladder neck. 

The deep muscle fibres are bound by the submucosa to the 
mucosa, in the most part a loose affiliation so that the mucosa can 
Tuck up' when the bladder is empty, becoming stretched and 
smooth as the bladder distends. The mucosa is continuous with that 
of the ureters (and therefore with the mucosa of the collecting 
systems of the kidneys) and with that of the urethra. Transitional 
cell epithelium lines the mucosa. 

The base is the most complex part of the bladder, the sensitive 
trigone being triangular in shape and receiving the left and right 
ureter posteriorly, and opening to the urethra anteriorly. The 
mucosa over the trigone is always smooth, even when the bladder 
is empty because uniquely it is firmly attached to the muscular 
layer. The distal ureters pass obliquely through the bladder wall, 
the ureteric openings marking the posterior border of the trigone. 
Their course is visible on ultrasound. 

The urothelium is not just a barrier, but is active in bladder func¬ 
tion, having an afferent innervation with an important role in the 
reflex responses to bladder filling and distension. Within the 
urothelium, there is a dense muscarinic receptor population, which 
mediates the release of a diffusible inhibitory factor that inhibits 
smooth muscle contraction. 1 

The bladder derives its blood supply from the internal iliac arter¬ 
ies, predominantly via the superior, middle and inferior vesical 
arteries, supplemented by the obturator and inferior gluteal 
branches of the internal iliac arteries. The venous drainage forms a 
rich plexus of vessels around the inferior and fundal surfaces. 


TECHNIQUES 


Transabdominal imaging 


The default examination of the bladder is via a suprapubic or lower 
abdominal window (Fig. 29.1). Modern ultrasound platforms will 
give excellent views of the whole viscus and information about the 
posterior vesical space at frequencies of 5 MHz, using a curvilinear 
array. Adjusting the time gain curve (TGC) so that it is 'flat' or even 

shaped reduces reverberation artefact. Use of compound har¬ 
monic imaging is advocated for a similar reason. 

The bladder must be moderately full, typically 300-400 mL 
volume, for a meaningful examination. Scans are conducted from 
the dome down to the base of the bladder and by angling the trans¬ 
ducer posteriorly and interiorly, reasonable views of the prostate 
should be obtained in male patients. This provides an approximate 
estimation of prostate volume. 

In patients with retention, notably chronic retention, the bladder 
may hold up to 1000 mL and scanning necessarily is periumbilical 
or even more cranially. In these cases, reporting the anatomical 
level for the dome of the bladder (e.g. centimetres above the umbili¬ 
cus) is very helpful. 

The ultrasound examination should include views of the trigone 
to show the vesico-ureteric junctions and the bladder neck (Fig. 
29.1C and D). 

Colour duplex imaging: ureteric jets 


With the peristalsis of the ureter, the urine is propelled from the 
kidney to the bladder, emptying sporadically through the vesico- 
ureteric junction into the bladder lumen. This may be seen during 
real-time ultrasound as a 'shimmer' on greyscale imaging, much 
more easily appreciated as a 'jet' or 'flame' using colour duplex 
imaging (Fig. 29.2). The duplex imaging detects the turbulence of 
the intravesical urine caused by the urine being 'squirted' from the 


ureter. Turbulence will only be detected if the specific gravity of the 
urine in the bladder and the urine from the ureter are different. 
Fortunately, most patients for bladder ultrasound have been asked 
to drink sufficient amount of fluid to fill their bladder, and the urine 
excreted by the kidneys is likely to be more dilute than that in the 
bladder. 

With regard to the jets on colour duplex imaging: 2,3 

■ They assist in identifying the ureteric orifice. 

■ Their duration varies 0.4 s to 7.5 s and depends largely on 
fluid intake. 2,3 Duration can vary in an individual by up to 2 s 
from one jet to another. 2 The interval between jets can be as 
low as 2 s or up to 2.5 min. 3 

■ The direction of a normal jet is anteromedial and upward. 

■ Several flow patterns may be observed, including discrete jets, 
ureteric streaming, and rest periods. 3 

■ Absence of jets in patients with acute obstruction from 
ureteric calculus suggests high-grade obstruction. 4 Indeed, in 
children, unilateral absence of a jet from the dilated side or 
significant asymmetry in jet frequency indicates upper tract 
obstruction. 4 A recent study has shown that when there is less 
than one jet detected from the dilated side in comparison to 
four (combined jets from both ureters), there is an 87% 
sensitivity and 96% specificity for obstruction in children with 
unilateral hydronephrosis. 5 

■ In the stented ureter, looking for ureteric jets is not helpful. 6 

The detection of ureteric jets, especially when the jet frequency is 
comparable between the left and right side when scanning for 
several minutes, helps to exclude significant obstruction to the 
ureter. However, analysing ureteric jets is only an adjunct to urinary 
tract ultrasound and must be interpreted alongside evidence of 
renal obstruction. 7 In particular, failure to detect jets bilaterally does 
not usually imply obstruction to both kidneys, but rather that the 
difference in specific gravity of the urine from the kidneys com¬ 
pared with that in the bladder is too insignificant for turbulence to 
be detected. 

Endocavity ultrasound 


In rare circumstances, the base of the bladder is best assessed by 
transrectal ultrasound (TRUS). This can be helpful if there is concern 
about pathology at the trigone or when a mass may be invading the 
urethra from the bladder. Likewise, TRUS is invaluable when there 
is invasion between the prostate and the bladder, irrespective of the 
origin of the tumour. 

Transvaginal ultrasound has a role in evaluating the mobility of 
the bladder neck. Techniques have been developed that ensure the 
endocavity probe does not affect the pelvic floor motion. 8,9 The 
bladder neck tends to lie more interiorly and more posteriorly at 
rest in incontinent women when compared to continent women, 
with more descent on straining and less elevation on squeezing. 8 In 
a large study of women with primary stress incontinence, ultra¬ 
sound revealed bladder neck funnelling in just over one-third of 
subjects, and this correlated with low pressure incontinence; the 
worth of the study is in the high negative predictive value (93%), 
so that absence of bladder neck funnelling more or less excludes 
the detection of low pressure leak on formal urodynamics. 10 

Endovaginal US is performed routinely in women presenting 
with postmenopausal bleeding, and in this population, it can detect 
unsuspected bladder tumours 11 - indeed, a small proportion of 
those scanned for 'postmenopausal bleeding' may have macro¬ 
scopic haematuria rather than blood loss per vaginam, emphasising 
the worth of transabdominal and transvaginal ultrasound of the 
bladder in this patient group. 

Harmonic imaging 


Harmonic imaging is increasingly being used as the 'default 
setting' in renal tract imaging, many platforms performing the 
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Figure 29.1 Transabdominal scan of bladder in axial (A) and sagittal (B) section. The wall thickness is best estimated on the sagittal 
section. The bladder base is the point of entry of both ureters and the point of exit for the urethra; in men, the bladder base may be 
elevated because of prostatic hypertrophy. In the axial (C) and sagittal (D) images of the bladder base, the displaced left ureteric orifice is 
shown by the black arrow. 


post-processing of the fundamental image unless the harmonic mode 
is actively turned off. This is because in children 12 and adults harmonic 
imaging has been proven superior in visualising the renal tract. 13 

Contrast media: caution and new horizons 


Ultrasound has one incontrovertible and significant advantage over 
computed tomography (CT): the absence of ionising radiation. It 
cannot 'trump' magnetic resonance imaging (MRI) in the same way, 
and MRI has had the ascendancy over ultrasound in bladder mass 
imaging for a decade or so. One of the benefits of MRI over 


ultrasound has been the use of gadolinium-based contrast agents 
in MRI to evaluate enhancement of lesions and thereby provide 
functional as well as structural information. 

For two reasons, the 'contrast argument' looks set to swing back 
in favour of ultrasound, at least in a select group of patients. The 
first reason is the recognition of a new condition by Cowper et al. 
in 2000, called nephrogenic systemic fibrosis (NSF). 14 This is a rare 
but disabling condition in which the skin becomes indurated and 
painful, resulting in contractures. It is also associated with visceral 
sclerosis. The development of NSF is strongly linked to the usage 
of gadolinium contrast agents in patients with advanced renal 
impairment. 15 Thus, recognising that iodinated contrast media are 






Functional aspects of bladder ultrasound 



Figure 29.2 Ureteric jets on colour duplex imaging: from the right ureter (A), both ureters (B) and on (C) CT from both ureters. Note 
the displacement of the right ureteric orifice in A by prostatic hyperplasia. 


contraindicated in patients with renal impairment, 16 and acknowl¬ 
edging that gadolinium-based agents should be eschewed in 
advanced renal disease, ultrasound becomes more attractive in 
evaluating the bladder (and renal tract as a whole) in a very relevant 
group of patients that are needful of such imaging. 

The second reason that ultrasound may in the future challenge 
MRI in bladder imaging is the development of microbubble ultra¬ 
sound contrast agents. These agents have been used increasingly in 
hepatic imaging, and are being used with some benefit when scan¬ 
ning renal masses. Contrast-enhanced ultrasound, improving the 
signal-to-noise ratio in regions of low volume blood flow, has 
shown promise in the detection of otherwise occult prostate cancer, 
and it is hoped that it might be used to good effect when trying to 
resolve the aetiology of focal bladder wall thickening. 

Work on children with suspected vesico-ureteric reflux has 
looked at harmonic imaging using phase or pulse inversion technol¬ 
ogy and contrast harmonic imaging after intravesical administra¬ 
tion of ultrasound-based contrast medium (microbubbles). 17 The 
refluxing microbubbles are much more conspicuous in the har¬ 
monic imaging, such that in 8 out of 27 kidney-ureter units, the 
reflux was detected using only the harmonic imaging modalities. 
Harmonic imaging with ultrasound contrast has been shown to be 
equivalent to conventional micturating cystourethrography in the 
detection of reflux in the paediatric population. 18 


FUNCTIONAL ASPECTS OF BLADDER 
ULTRASOUND 


Lower urinary tract symptoms 


Summary of lower urinary tract symptoms (LUTS) (based on 
personal communication, Professor Christopher Chappie, Sheffield 
Teaching Hospitals) 


Storage 

• Frequency 

• Urgency 

• Nocturia 

• Incontinence 


Voiding 

• Slow stream 

• Spraying 

• Intermittency 

• Hesitancy 

• Straining 

• Terminal dribble 


Post-micturition 

• Post-micturition 
dribble 

• Feeling of 
incomplete 
emptying 


Bladder volume and bladder 
emptying (residue) 


Much has been written about the role and accuracy of ultrasound 
in estimating bladder volume. The emphatic conclusion is that 
transabdominal ultrasound is a safe, reasonably accurate and cheap 
method to determine the volume of urine in the bladder. This holds 
for pre- and post-micturition estimation, and is true in adult 20,21 and 
paediatric 22-24 patient groups. A formal review of the literature from 
1966 to 1999 identified 504 subjects in 16 validity studies (in which 
ultrasound estimation is compared with actual bladder volume). 
Where reported, the index of concordance for estimating bladder 
volume varied from 0.914 to 0.983. 25 This level of accuracy is usually 
sufficient for clinical purposes where the degree of tolerance is rela¬ 
tively wide. 26 

From a clinical point of view, the thresholds for bladder 
volume are: 


Lower urinary tract symptoms, or LUTS, are a non-sex-specific, 
non-organ-specific group of symptoms, which are sometimes age- 
related and progressive. 19 


0-50 mL: insignificant 

51-100 mL: borderline - to be interpreted together with 
anatomical appearances, flow rate chart and the patient's 
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Calculating bladder volume 

V = (L x A x T) x C ml_ 

where V = volume, L = longitudinal length, A = maximum anteropos¬ 
terior diameter, T = maximum transverse diameter and C is a 
coefficient. 

C ranges from 0.5 to 0.625 based on differing algorithms and 
essentially assuming that the bladder is spherical. 

Sphere volume = 4/3 xnxr 3 where r is the radius equivalent to half 
the diameter. The measurements L, A and T are all diameters so the 
formula can be rewritten: 

Sphere volume = 4/3 x n x (d/2) 3 
= 4/3 x 7E x c/ 3 /8 
= 1/6 x n x d 3 
= 0.52 xd 3 

C can be up to 0.625; more usually in practice the formula would 
be: 

V = (Lx AxT)x 0.6 ml_ 

See Dicuio et al. 28 and Yip et al. 29 for a more complete mathematical 
treatment of the formulae for bladder volume calculation. The conclu¬ 
sion from these papers is that the more simplistic formulae (as above) 
are as precise as more complex methods such as the double area 
method and the double ellipsoid method. 


symptoms. Often patients have drunk exuberantly prior to the 
scan, so that the bladder fills up rapidly after first void 
■ >150 mL: indicates retention. 

Clearly the latitude in most cases is wide enough for the ultra- 
sound-predicted bladder volume to be clinically relevant. In 80 
postoperative patients, ultrasound (against catheter volume) was 
97.7% specific, with a negative predictive outcome of 89.5%, obviat¬ 
ing the use of catheterisation in those with a bladder residual 
volume of <150 mL. 27 

Accuracy of volume estimation at different 
volumes and in bladder shapes 

Once ultrasound has been performed, the bladder volume can be 
estimated by a number of formulae. 28 The most common method is 
to measure the longitudinal, the transverse and the anteroposterior 
diameter. These are best 'captured' by splitting the screen into two 
halves, the left screen revealing the transverse image of the bladder 
at its widest point, the right screen the sagittal image (Fig. 29.3). 

The straightforward method of measuring the three linear, 
orthogonal diameters, and multiplying the values together, is as 
precise in estimating bladder volume as more mathematically 
complex techniques, notably the ellipsoid and area methods, 
although the tendency is to underestimate the true volume. 30 The 
limitations of ultrasound-based bladder volume remain even when 
the bladder contains more than 150 mL of fluid, so the predicted 
bladder volume must be interpreted with a degree of caution and 
only ever offered as an estimate, not a true value. Because of this 
tendency to underestimation, of up to 20% in calculated bladder 
volume, some institutions advocate the use of individually deter¬ 
mined proportionality constants to improve the accuracy of resid¬ 
ual bladder volume determinations. 31 However, each institution 
needs to define a specific algorithm, and this may be dependent not 
simply on the hospital setting but on the specific ultrasound plat¬ 
form used; moreover, a personal computer has to be connected to 
the ultrasound imaging unit. The increased complexity albeit with 



Figure 29.3 Bladder volume estimation: orthogonal diameters of 
the bladder shown on split screen; the maximum diameters are 
used, the image being frozen first in the axial and then in the 
sagittal plane. Most ultrasound platforms automatically calculate the 
bladder volume (in this case >100 mL). 


a more accurate volume estimation is not warranted in the majority 
of clinical settings. 

In augmented bladders, ultrasound is not accurate in estimating 
urinary volume, because there is no reliable geometry to the neo¬ 
bladder. Ultrasound can provide an idea of the degree of filling, 
and more relevant, retention in the augmented bladder, but in 
this specialist postoperative group, catheterisation through the ileal 
conduit, with confirmation of complete drainage by ultrasound, 
is the recommended method by which residual volume is 
measured. 32 

Comparison of differing technologies in 
bladder volume estimation 

Voided volume measurements or catheter volume measurements 
are taken as the 'gold standard' in studies that set out to determine 
the accuracy of various ultrasound methods for calculating the 
volume of the bladder. 

A recent comparison of a dedicated bladder, non-real-time 
volume calculator (BladderScan BVI 3000) with a real-time three- 
dimensional (3D) ultrasound system and with a real-time portable 
2D ultrasound platform with iterative bladder volume calculation 
(Bardscan II) has been undertaken on 34 patients. Significant cor¬ 
relation between the voided and calculated bladder volumes were 
achieved with each method, but the 'accuracy and level of clinical 
agreement was greatest when using the 3D ultrasound system to 
calculate the bladder volume'; the portable 2D ultrasound system 
tended to underestimate the bladder volume by 5-10%. 33 In post¬ 
operative patients in the urodynamics clinic, Bardscan II performed 
well against catheter volume measurements with a correlation coef¬ 
ficient >0.98. 34 In the paediatric setting, however, where the volumes 
are much lower, conventional ultrasound measurements should be 
used in preference to the BladderScan automated system. 35 

The use of 3D ultrasound over bladder volumes 100-400 mL 
appears accurate with only a minor underestimation of volume 
(~3%). 36 


Ultrasound and flowmetry 

The quantification of bladder volume alone is limited. Ultrasound 
of the urinary tract (that is, the kidneys as well as the bladder) 
should be augmented by data from a flowmeter. 37 The majority of 
flowmeters in hospital practice are spinning disc types (rather than 
weight transducer flowmeters). The urine flow rate is charted by 
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attaching the flowmeter to a chart recorder. A graph is produced 
for each micturition episode, from which peak flow rate (mL per 
second), mean flow rate (mL per second), time to peak flow 
(seconds), voiding time (seconds), and time of micturition (seconds) 
can all be derived. These data can then be interpreted with the 
residual volume, derived from ultrasound of the bladder immedi¬ 
ately post void, along with visual analysis of the shape of the flow¬ 
meter tracing. 

Overall, the ultrasound and uroflowmeter examination is non- 
invasive and provides information about bladder function, bladder 
anatomy, bladder anomalies and bladder capacity. There are a 
couple of caveats: 

■ Flow charts where the total voided is less than 125-150 mL 
are limited; it is better to ultrasound the patient as a matter of 
routine before sending for flow rate measurement, ensuring 
that the pre-micturition volume (by ultrasound measurement) 
is larger than 200 mL. In an Italian study, on 67 men in their 
60s and 70s, a voided volume of greater than 125 mL 

(>150 mL) necessitated a pre-voiding bladder scan volume 
greater than 200 mL (>250 mL), which in the study decreased 
the number of non-eligible flow rate recordings from 23.9% to 
4.5% (31.3% to 4.5%). 38 

■ Similarly, sending patients with abnormally distended 
bladders for 'physiological' flow measurements is ill advised, 
as the normal innervation that triggers micturition can be 
upset with abnormally full bladders, especially in the clinic 
setting. 

■ If residual volume exceeds 100 mL, the patient should be sent 
to urinate again, and a repeat post (second) micturition 
bladder volume calculated. 

Of the various parameters, post-micturition residue and 
maximum flow rate (as well as prostate volume that can be easily 
estimated by transabdominal ultrasound) are the most useful in 
the prediction of urodynamically proven bladder outflow 
obstruction. 39 

Flow patterns 

In normal subjects the flow tracing is bell-jar shaped. 44,45 The delay 
to peak flow is between 3 and 8 seconds, and the peak rate 35- 
40 mL/s (men), and approximately 50 mL/s in women (Fig. 29.4). 
The abnormal traces - low, high or intermittent flow patterns - 
signify defined pathologies, but the classification also relies on the 
volume of post-micturition residue. 

Complete bladder emptying and high flow 

When the flow rate is supra-normal, the inference is that voiding 
occurs at high pressure, either because of abdominal muscle aug¬ 
mentation ('straining') or because the detrusor muscle is overly 
active (a primary or neurological problem, rather than compensa¬ 
tory hyperactivity to overcome outflow resistance). 


Complete bladder emptying and low flow 

When the flow rate is reduced, the inference is that either there is 
outflow obstruction or there is a weakened, poorly functioning 
detrusor muscle. 

Outflow obstruction may be mechanical or neurological. The 
former is most commonly due to prostatic hyperplasia, and the 
bladder wall will be thickened and the bladder base elevated. Ure¬ 
thral strictures may also result in thickening of the bladder wall 
with low flow. The mean flow rate is more than 50% of the value 


Urine flow rates 

Post-void residual 40 

Population: 477 randomly selected community-dwelling white men. 

Median post-void residual 9.5 mL (2.5-35.4 mL 25-75%). 

Post-void residual >50 mL much more likely as prostate >30 mL. 

Post-void residual urine volume poorly correlates with peak urinary 
flow rate. 

Urine flow rate 41 

Population 514 men (17-84 years) who subjectively felt that their 
urination was normal and were objectively demonstrated to be 
without prostatic hyperplasia. 

Maximum flow rate: 20.7 ± 7.3 mUs in a mean voided volume of 
290.7 ± 123.2 mL. 

Voided volume decreases with age; with declining maximum flow 
rate bladder capacity diminishes with age. 

Functional bladder capacity (FBC) 42 

Functional bladder capacity defined as largest voided volume in 
24-hour period. 

Population: 1688 men 50 to 78 years old. 

Strongly related to LUTS. 

Lower in men with a reduced maximum flow rate (less than 15 mLVs) 
independent of the post-void residual volume. 

LUTS 42 

Dependent on age. 

Correlates with a reduced flow rate. 

Associated with large post-void residual volume. 

More frequent as FBC falls. 

Bladder compliance (BC) 43 

Population: 170 men aged 50+ years with an International Prostate 
Symptoms Score (IPSS) of >7 and a peak flow rate (Qmax) of 
<15 mLVs. 

The mean BC = 32 ± 2 mLVcm water, decreasing significantly with 
age and falling peak flow rate. 



Figure 29.4 Uroflowmetry in a normal 
36-year-old man (lower trace) and in a 
69-year-old man with detrusor failure (upper 
trace). Compare the normal bell-shaped 
curve with the flat and persistent slower flow 
in the patient whose bladder is failing. As 
expected, a significant residue (>150 mL) 
was recorded post void in the 69-year-old. 
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of the maximum flow rate, with a slow and protracted decline in 
flow rate from the peak (the peak itself is, of course, reduced). In 
obstruction due to urethral strictures, the trace tends to be very 
level with barely a discernible peak; the maximum rate being not 
only suppressed but very close in value to the mean rate. 

Neurological outflow obstruction is seen when there is incoordi¬ 
nation between detrusor contraction and bladder sphincter relaxa¬ 
tion. This is referred to as bladder neck dyssynergia. The 
incoordination may be part of a wider neurological deficit - spinal 
tumour, Parkinson's disease or multiple sclerosis - but it is also seen 
in otherwise healthy young men, in whom it is ascribed to a primary 
failure of the sympathetic nervous system to relax the sphincter 
mechanism at the time of voiding. 

Failure of the detrusor may be idiopathic (anecdotally suggested 
that the patient, normally female, has held on to their urine for long 
periods throughout their life), or it may be due to failure of the 
detrusor following longstanding outflow obstruction. The idio¬ 
pathic group manages to empty the bladder completely, albeit with 
a slow and sustained flow pattern. 

Incomplete bladder emptying and low flow 

This combination is the end result of long-term outflow obstruction. 
Characteristically, ultrasound will reveal abnormalities of the 
bladder wall, such as thickening, trabeculation and diverticula, all 
indicative of long-term resistance. The ability of the detrusor to 
overcome the outflow resistance has been surpassed, and the 
bladder can no longer completely empty. Frequently, the patients 
will volunteer that they have the urge to urinate only a short while 
after they have just been, as the stretched detrusor recovers follow¬ 
ing the initial micturition (Fig. 29.4). 

Intermittent flow pattern 

This signifies near complete detrusor failure, voiding occurring by 
abdominal straining. The amount of residual urine is variable, 
reducing as the abdominal muscles become more accustomed to 
emptying the bladder. 

Limitations of flowmetry 

Complete evaluation of bladder function - more specifically, detru¬ 
sor compliance and detrusor stability - requires formal, invasive 
urodynamics. This is because lower urinary tract symptoms are 
non-specific and common to bladder outflow obstruction, detrusor 
failure, detrusor instability, detrusor-sphincter dyssynergia and 
even to bladder infection. Uroflowmeter assists in classifying by 
flow rate and degree of emptying, but does not give reliable infor¬ 
mation on intravesical pressure or on bladder shape and pelvic 
floor movements during micturition. These parameters are within 
the realm of invasive urodynamics. 


STRUCTURAL ASPECTS OF BLADDER 
ULTRASOUND 


Overview 


Ultrasound images can give a wealth of accurate data about the 
bladder, its contents and its relationship to the adjacent organs. 

The following discussion is based on classical radiological clas¬ 
sification: pathology within the lumen, pathology within the wall 
of the bladder and lesions extrinsic to, but nevertheless, affecting 
the bladder or its function. This is very apposite, mirroring the 
systematic evaluation of the pelvis during an ultrasound 
examination. 


Overview 

The bladder lumen 

• Capacity, especially post-micturition residue 

• The presence of blood or debris within the urine (echogenicity of 
the urine) 

• The presence of gas within the bladder 

• Foreign bodies or calculi within the bladder 

• The position of bladder catheters and the state of any retaining 
balloons 

• Ureteric function (ureteric jets) 

The bladder wall 

• Thickness 

• Smoothness or trabeculation or diverticula 

• Focal masses 

External to the bladder 

• The distal ureters 

• The prostate 

• Extrinsic masses including urachal element 

• Pelvic organs 


Lumen 


Normal urine is anechoic. Indeed, when scanning transabdomi- 
nally, the TGC (time gain curve) may usefully be altered to a 'j- 
shape' to minimise artefact in the far field and optimise visualisation 
of the posterior bladder wall. When echoes are returned from the 
urine (spectral reflectors), it means that the urine contains debris, 
or crystals, or blood or pus (Fig. 29.5). Obviously, inspection of the 
urine, voided or catheter specimen, will suggest the likely source 
of the spectral effect. If the urine appears clear to the naked eye, it 
should be sent for microscopy and culture, looking for inflamma¬ 
tory cells, pathogens and crystals. 

Stones 

Stones in the urinary tract are common; the majority develop in the 
upper tracts, with only 5% in the bladder. Calculi within the bladder 
may have come from the upper tracts, or they may develop prima¬ 
rily within the bladder itself due either to diet (limited to all intents 
and purposes to children in developing nations) or to urinary stasis. 
Stasis, in turn, occurs because of neuropathic problems or because 
of outflow obstruction. In the developed world, bladder calculi are 
associated in 25-35% of cases with urinary tract infection. 46 Foreign 
bodies also predispose the patient to bladder stones. 

Unlike radiography all bladder calculi are detectable by ultra¬ 
sound - there is no equivalent of a radiolucent stone. They are 
characteristically well-defined ellipsoid echogenic structures, 
mobile and casting an intense acoustic shadow (Figs 29.6 and 29.7). 

Foreign bodies 

Occasionally foreign bodies may be introduced into the bladder. 
The most literal foreign body is the Foley balloon catheter, placed 
either perurethrally or transcutaneously (suprapubic). The catheter 
itself and retaining balloon when inflated are easily visualised on 
ultrasound (Fig. 29.8). Another iatrogenic foreign body is the uret¬ 
eric JJ stent, which may be placed between the renal pelvis and the 
bladder lumen either antegradely or retrogradely. This has a dis¬ 
tinctive appearance on ultrasound: thin echogenic parallel lines 
(tram lines), which curve away from the ureteric orifice of the 
stented ureter (Fig. 29.9). 
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Figure 29.6 Bladder stones. Two large (>1 cm) stones and debris 
settling out in a dependent fashion in the bladder of a patient with 
spina bifida, resulting from a neuropathic bladder. The stones are 
echogenic and cast acoustic shadows. On real-time imaging, the 
stones were mobile. 


Figure 29.5 Echogenic urine. Axial (A) and sagittal (B) 
transabdominal ultrasound views of the urinary bladder, showing 
echogenic urine in a patient with urosepsis. 



Figure 29.7 Bladder stones. A: Stone (4-5 mm) in the distal ureter with proximal dilation of the ureter. At this size and site, the patient 
can be managed expectantly. The stone is likely to pass spontaneously. Serial ultrasound can be employed to document passage of the 
stone into the bladder. Intervention would be indicated only if the stone failed to pass over 48 hours, the patient suffered intractable pain, 
or urosepsis. Contrast advocacy of conservative management with (B) a ‘steinstrasse’ - multiple stone fragments in the distal ureter 
following extracorporeal shock-wave lithotripsy treatment to a renal calculus. In the steinstrasse, urgent retrograde JJ ureteric stent 
placement is advised. 
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Figure 29.8 Typical appearances of Foley balloon catheters (per-urethral), with saline-filled balloon lying on the trigone (A) and the 
catheter lying more proximally the balloon filled with unknown fluid of moderately high echogenicity (B). Occasionally, the Foley catheter 
may be inserted short, the balloon inflated in the urethra. In this case, axial (C) and sagittal (D) images confirm that the catheter has not 
entered the bladder lumen, the retaining balloon visible in the prostatic urethra. 


Less commonly, patients may insert foreign bodies perurethrally 
into the bladder. These are usually detected by plain radiography, 
but ultrasound may be useful, especially if the object is not radi- 
odense (e.g. a plastic drinking straw) (Fig. 29.10). Naturally, the 
sonographic findings will depend on the particular foreign body 
inserted. 

Ureteroceles 

The term 'ureterocele' refers to the ballooning of the distal ureter. 
When the ureterocele is mostly within the submucosa, and only a 


part projects into the bladder neck or urethra, it is defined as 
ectopic; when the ureterocele and its orifice are contained by the 
bladder, it is defined as intravesical. The latter, due to herniation of 
the lower ureter and opening through the bladder wall, are seen on 
ultrasound as a cystic mass within the bladder, defined by a smooth 
and thin wall (Fig. 29.11). The ureterocele can be seen on real-time 
imaging to 'peristalse', intermittently discharging and then refill¬ 
ing. The intravesical ureterocele is usually an incidental finding, but 
it can be complicated by stone formation or it can, occasionally, 
cause obstruction to the upper tract (Fig. 29.12). Most are discov¬ 
ered on ultrasound or other imaging by chance, being bilateral in 
30-40% of cases. 
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Figure 29.9 Bilateral ureteric JJ stents shown on KUB X-ray (A). The stent in the bladder on ultrasound (B) appears as a pair of 
parallel lines which are echogenic (white arrowheads). In this image, the stent is forming a ‘J’ and therefore is seen in the anterior and 
posterior half of the bladder. Note also the Foley balloon catheter lying posteriorly. Unfortunately, despite insertion of bilateral JJ stents 
and long-term bladder catheterisation, the patient went into end-stage renal failure from chronic bladder outflow obstruction (uropathy). 
The peritoneal dialysate is manifest as anechoic fluid within the abdominal cavity (thin white arrow). 



Figure 29.10 Radiograph to show a glass bracelet within the 
bladder lumen. When radio lucent foreign bodies are suspected, 
such as drinking straws, ultrasound of the bladder is advised as the 
first line of investigation. 


An ectopic ureterocele arises because the ureteral bud com¬ 
mences more interiorly than normal from the mesonephric duct, so 
that the ureteric orifice is distal to the bladder neck. If this occurs 
in the sole ureter draining the kidney (20% of ectopic ureteroceles), 
the kidney is usually atrophic. Fortunately, 80% of ectopic urete¬ 
roceles are seen in duplex systems, and therefore, identifying 
an ectopic ureterocele must alert the radiologist to the possibility 
of a duplex ureter, the ureterocele always being associated with 
the upper moiety ureter (as it descends and crosses the lower 
moiety ureter to insert in an ectopic position in the low bladder or 
inferior to the bladder). Careful ultrasound of the ipsilateral kidney 
may suggest a duplex system, in which the upper moiety is 
hydronephrotic. A comprehensive discussion on the embryology of 
ureteroceles can be found in Barth et al. 47 

Urachus 

The urachus is an embryonic remnant resulting from involution of 
the allantoic duct and the ventral cloaca. 48 Attaching the bladder 
dome to the umbilicus, the urachus should close during gestation. 
Failure of closure is not uncommon, the urachus being reported as 
present in up to 30% of adults. 48 In children under 16, the urachus 
may be present in up to two-thirds of studies. 49 On ultrasound, the 
urachus presents as a cystic tubular structure in the midline, infe¬ 
rior to the rectus muscle (Fig. 29.13). When patent it can have a 
length up to 15 cm, and occasionally may exhibit pathology includ¬ 
ing a diverticulum, cyst (a small part of the duct is pinched off, with 
closure superiorly and interiorly), 50 and very occasionally, a tumour 
can develop within a patent urachus. These are invariably adeno¬ 
carcinomas with a poor prognosis. Their diagnosis is vexatious, 
presenting as a mass superior to the bladder dome in the anterior 
abdomen. They are best assessed by CT. 51 
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Figure 29.11 Transabdominal ultrasound views (A, B, C, D) showing simple ureteroceles in different patients. Note the mild 
dilatation of the ureter in images (B) and (C). There are bilateral ureteroceles in image (D). In all cases, the uretrocele has a smooth and 
thin wall. 


Bladder wall 
Wall thickness 

Transabdominal ultrasound of a bladder containing 300 mL or 
greater of urine gives a very accurate measurement of bladder wall 
thickness. In a normal bladder, this will be 3 mm or less. The cor¬ 
responding figure when the bladder is empty is 5 mm. 

Diffuse increase in bladder wall thickness 

If there is outflow obstruction, the bladder wall may hypertrophy. 
In men this is almost a normal finding with increasing age as the 


prostate begins to cause mechanical outflow obstruction. Neuro¬ 
logical incoordination can also lead to hypertrophy of the muscle 
(Fig. 29.14). 

The bladder wall can become thickened if there is inflammation 
or infection, although this is not inevitably global, as in the case of 
outflow obstruction. The thickening is due to oedema rather 
than muscle hypertrophy. It may be associated with increased 
vascularity, demonstrated on colour flow imaging. The patient 
is likely to have symptoms of dysuria, frequency and urgency. 
For a fuller discussion about cystitis, see "Specific conditions' 
below. 

Focal thickening of the bladder wall due to tumour is dealt with 
in the subsequent section. 
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Figure 29.12 Ureterocele. A: A small stone complicates an otherwise simple ureterocele. B: Concern that mild ureteric dilatation signifies 
obstruction associated with a ureterocele is allayed by the prominent and episodic ureteric jet well shown on colour duplex imaging. 



Figure 29.13 Urachal cyst. A: Transabdominal ultrasound reveals a cystic structure anterior to the bladder and deep to the abdominal 
wall. The differential diagnosis includes a urachal element, a bladder wall tumour such as a leiomyoma or, in women, an endometrial 
deposit. Note the mass effect, suggesting the lesion is extrinsic to the bladder. A non-enhanced CT (B) indicates that the lesion (white 
arrow) has increased density, suggesting the contents might be haemorrhagic or contain (as in this case) slightly calcific fluid, within a 
closed off urachal cyst. 


Tumours and bladder masses 


Cancer involving the bladder may be primary, secondary or a mani¬ 
festation of local invasion from adjacent organs. Primary carcinoma 
is a relatively common condition, with, according to the National 
Cancer Institute, 68810 estimated new cases and 14100 deaths from 
bladder cancer in the United States in 2008 (http: //www.cancer, 
gov /cancer topics/ types/bladder). In 2004, an estimated 60200 new 


patients were diagnosed with bladder cancer in the United States, 
and 12700 of those patients died from the disease (http://www. 
emedicine.com/med/topic2344.htm.), indicating that the frequency 
of the disease is increasing. Men are affected three to four times 
more commonly than women, but women tend to fare worse from 
the disease. The median age for diagnosis is 60-70 years. For data 
relevant to the United Kingdom, see Table 29.1. 

In the developed world, urothelial cancer, more commonly 
referred to as transitional cell cancer, comprises 90% of these cases. 
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Figure 29.14 This patient has bladder outflow obstruction 

secondary to prostatic hyperplasia. The bladder wall is globally 
hypertrophied, with trabeculation, as a consequence, ensuring that 
the intravesical pressure is sufficient for the bladder to empty 
through the compromised urethra. 


Table 29.1 Number of deaths from bladder cancer in the 
United Kingdom, 2006 



England 

Wales 

Scotland 

N. Ireland 

UK 

Males 

2675 

165 

281 

56 

3,177 

Females 

1371 

84 

144 

37 

1,636 

Persons 

4046 

249 

425 

93 

4,813 


Source: http://info. cancerresearchuk. org/cancerstats/types/bladder/ 
mortality/. 


Causes of outflow obstruction 

Mechanical 

• Prostate - mostly benign hyperplasia, occasionally prostate 
cancer 

• Urethral strictures 

• Bladder neck stenosis 

Functional 

• Bladder neck dyssynergia 

• Anticholinergics and other drugs 

• Peripheral neuropathy - diabetes mellitus, spinal cord/cauda 
equine disease 

• Central nervous system - multiple sclerosis, trauma, tumours 


with squamous (5%) and adenocarcinoma (2%) forms less common. 
Worldwide, squamous cell cancer (SCC) of the bladder predomi¬ 
nates (75%), being associated with chronic infection and inflamma¬ 
tion - and associated with bladder infection by Schistosoma 
haematobium in the tropics. In Europe, SCC is again a consequence 
of long-term inflammation associated with bladder catheters and/ 
or stones. Urothelial cancer - the subtype most commonly 


encountered in Europe - has a strong link with cigarette smoking, 
although occupational exposure to arylamines has been implicated 
in the past. 52 

The remaining primary malignancies of the bladder are non- 
urothelial: non-small cell cancer or muscle tumours (the majority 
leiomyosarcoma or in children rhabdomyosarcoma). Primary lym¬ 
phoma (submucosal origin) and metastases to the bladder from 
alternative primary tumours are rare. Local invasion from prostate 
cancer or from gynaecological or bowel cancer is well recognised. 

Tumours may be sessile, papillary or nodular. Not uncommonly, 
there is involvement of more than one site. The detection of the 
sessile tumours remains in the domain of the urologist, at cystos¬ 
copy. Malignancies that stand proud of the lumen can be detected 
with imaging, and here ultrasound plays a pivotal role. Approxi¬ 
mately 40-45% of bladder tumours show muscle invasion at pres¬ 
entation and this can also be inferred by imaging. 

Tumour detection 

The accuracy of transabdominal ultrasound in detecting superficial 
bladder tumours was assessed more than 20 years ago, 53,54 with a 
reported detection rate of 50-94% and false positive rate of 11% at 
that time. The detection rate for tumours greater than 5 mm (82%) 
was unsurprisingly far better than for tumours less than 5 mm 
(38%). In fact, the place of ultrasound of the bladder in cancer detec¬ 
tion became firmly established more from clinical and cost drivers 
than from somewhat artificial audits of ultrasound detection rates. 
The majority of patients with bladder cancer present with haema- 
turia, 52 and the first-line investigations for haematuria are widely 
accepted nowadays as ultrasound of the urinary tract and cystos¬ 
copy, with computed tomography (CT), notably CT urography 
(having replaced intravenous urography), a second-line investiga¬ 
tion. Strategies using cystoscopy or ultrasound as the initial diag¬ 
nostic test have repeatedly been shown to minimise cost and 
morbidity while maintaining diagnostic accuracy. 55-57 

By the beginning of this millennium, detection of bladder cancer 
by transvesical ultrasound in patients with haematuria, has reported 
sensitivity of 63%, and specificity of 99%. These figures come from 
a series of just over 1000 patients in whom 83% had macroscopic 
haematuria, 15% had microscopic haematuria and 2% had unspeci¬ 
fied haematuria. 58 

Patients with bladder cancer may also present, in the absence of 
haematuria, with lower urinary tract symptoms. This group, too, is 
routinely sent for ultrasound and therefore by default, ultrasound 
is frequently the first investigation offered to a patient with bladder 
cancer: the symptoms appropriately dictate the best investigation 
and ultrasound provides the opportunity to detect the tumour. 

The detection rate of bladder cancer by ultrasound depends on 
size of tumour, and on location. Detection by ultrasound may fall 
to less than 50% for tumours on the anterior and inferior bladder 
wall, 59 and generally anterior wall tumours are poorly detected: 
the near-field images are less conspicuous being usually adjacent 
to more echogenic material in the pre-vesical space, as opposed to 
the stark contrast of a soft tissue echogenic lesion on the side or 
posterior wall, outlined by poorly echogenic urine (Figs 29.15 
and 29.16). 

Needless to say, with variable detection rates and a weakness of 
ultrasound to note anterior wall lesions, the ultrasound examina¬ 
tion should always be complemented by cystoscopy. In addition to 
improving evaluation of the entire bladder lumen, cystoscopy can 
confirm the findings, allow histological sampling, and permit exam¬ 
ination of the urothelium for sessile lesions or carcinoma in situ 
which ultrasound cannot detect. 59,60 Most bladder transitional cell 
tumours are superficial, i.e. there is no muscle invasion (Ta, T1 or 
carcinoma in situ). A recently published small prospective study 
suggests that virtual cystoscopy (reformatted thin slice CT images) 
is nearly as accurate as conventional cystoscopy, being notably 
better than transabdominal ultrasound in the detection of 
polypoid tumours, or tumours less than 1 cm in diameter. 61 This 
resonates with a study of 69 patients with urinary bladder 
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TNM staging 

• CIS - carcinoma in situ, high-grade dysplasia, confined to the 
epithelium 

• Tx - primary tumor cannot be evaluated 

• TO - no primary tumour 

• Ta - papillary tumour confined to the epithelium 

• T1 - tumour invasion into the lamina propria 

• Tla - superficial submucosal invasion 

• Tib - deep submucosal invasion 

• T2 - tumour invasion into the muscularis propria 

• T2a - superficial muscle affected 

• T2b - deep muscle affected 

• T3 - tumour involvement of the perivesical fat 

• T3a - microscopic perivesical invasion 

• T3b - macroscopic invasion 

• T4 - tumour involvement of adjacent organs such as prostate, 
rectum or pelvic side wall 

• T4a - prostate, uterus or vagina invaded 

• T4b - pelvic side wall or abdominal wall invaded 

• N+ - lymph node metastasis 

• M+ - metastasis 


Figure 29.15 Sessile tumour lies on the posterior bladder wall to 
the left of the midline (white arrow). 



Figure 29.16 Urothelial tumour. Ultrasound is not limited, and 
may, as in this case, detect multiple sites of urothelial tumour within 
the bladder. Tumour deposits on the posterior wall are more 
conspicuous than those on the anterior wall. 


cancer using 3D ultrasound and ultrasound angiography assessed 
resistance index and tumour vascularisation. 62 The paper quotes an 
impressive 100% detection of T1 tumours on 3D ultrasound, 87% 
for T2 disease, with an overall detection rate of 96%. 

The promise of 3D ultrasound, volumetric scans and virtual cys¬ 
toscopy using ultrasound volumes offered by the technological 
advances in transducer design and by the breath-taking blossoming 
of computer-aided reconstruction, however, is beguiling. For all the 
attraction of avoiding the intrusiveness of cystoscopy, it is difficult 
to foresee the day when direct visualisation of the bladder mucosa 
will ever be rivalled by ultrasound. There have also been techno¬ 
logical advances in cystoscope design to rival those in ultrasound, 


making cystoscopy a much less uncomfortable experience for 
patients than previously. A more sanguine advocate might cham¬ 
pion 3D ultrasound as a tool in the differential diagnosis of bladder 
lesions in patients with haematuria. 63 Three-dimensional technolo¬ 
gies seem superior to conventional 2D imaging when a wider 
gamut of pathologies in addition to tumours, e.g. diverticula, 
mucosal folds simulating disease, and prostatic in-growth, are con¬ 
sidered. In the 42 patients presented, 3D ultrasound detected all 
bladder cancers seen at cystoscopy, as well correctly 'labelling' 70% 
of the non-malignant abnormalities also seen on cystoscopy. 63 With 
the imminent advent of volumetric scanning by most manufactur¬ 
ers, the number of cystoscopies in haematuria of benign cause may 
diminish. 

Staging bladder cancer 

The TNM classification is used for bladder cancer. Five-year sur¬ 
vival for T1 disease is between 80% and 100% and for T2, approxi¬ 
mately 65-80%. The crucial distinction is between T3a and T3b 
disease: surgical cure is effectively impossible in the latter group 
with 5-year survival typically 30-40%. Imaging is vital in assisting 
in establishing the T stage, and cross-sectional imaging, usually CT, 
in gauging the N and M stage. 

Transabdominal ultrasound has a reported accuracy of 79- 
84%. 54,64 The loss of accuracy is not due to lack of sensitivity, but 
rather because specificity is limited because ultrasound cannot dis¬ 
tinguish tumour from focal cystitis, asymmetric muscle hypertro¬ 
phy or from haematoma (Figs 29.17 and 29.18). 

Preoperative staging of bladder masses by 3D ultrasound has 
been compared with histopathology staging of the transurethral 
resection material or the cystectomy specimens. 65 In 63 patients, 
concordance was: pTa 66%, pTl 83%, T2 or worse, 100%. The hope 
is that 3D ultrasound may benefit in identifying patients 
whose stage is worse than Tl, notably in patients where cystoscopic 
biopsies do not contain muscle, and the T stage cannot be 
determined. 

In the early 1980s, a rush of papers proposed that transurethral 
ultrasound was the method of choice for (T) staging bladder 
cancer, 63,66-68 with acknowledgement that Ta and Tl disease tended 
to be over-staged. Some authors went as far as concluding that 
transurethral ultrasound is 'particularly helpful in the evaluation of 
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Figure 29.17 Tumour staging. A: Extensive bladder cancer on the lateral and anterior walls. On the left lateral wall, ultrasound suggests 
muscle invasion (T2 at least), but it is unlikely that there is macroscopic extension into the perivesical fat (T3). B: Non-enhanced CT in the 
same patient confirms T2 rather than T3 disease. C: Compare with the CT in another patient (urographic phase, contrast in bladder, with 
Foley balloon catheter); here there is stranding of the perivesical fat at 4 o’clock indicating T3 disease. D: Post-cystectomy specimen, 
bladder opened, showing the large malignancy on the lateral wall. 


more deeply infiltrating tumours [and] intravesical sonography 
constitutes a major extension of the diagnostic spectrum for T clas¬ 
sification of bladder carcinoma'. 69 By 1991, the vogue for transure¬ 
thral scanning had waned. 70 

With further advances in technology, endoluminal ultrasonogra¬ 
phy is being evaluated with comparison of differing radiological 
staging to pathological staging. The endoluminal diagnostic accu¬ 
racy of 84% compared favourably with that of CT (44%) and even 
MRI (82%). 71 An earlier paper in which intravesical ultrasonic scan¬ 
ning was performed in 74 patients with 84 bladder tumours quotes 
an accuracy of T staging by intravesical ultrasound as 94% of the 
82 visible tumours. 72 A second paper from Japan is more guarded 
about high-frequency endoluminal ultrasound (using 20 MHz min¬ 
iature transducers) because of their limited penetration. 73 Moreover, 
there has been little subsequently published about endoluminal 
ultrasonography, with a reference in 2005 to a new cystofibrescope 
incorporating ultrasound. 74 


Tumour follow-up 

A central tenet in managing patients with bladder transitional cell 
cancer (and indeed in patients with TCC of the upper tracts) is that 
(1) there is a risk of TCC developing elsewhere in the urogenital 
tract and (2) superficial tumours treated locally are likely to recur. 
There is, therefore, an absolute need to enrol the patients into a 
surveillance programme. 

As stated above, most bladder cancer is superficial at presenta¬ 
tion, and is treated by resection and local chemotherapy (mitomycin 
or BCG instillation). In other words, most patients with TCC do not 
need cystectomy but conversely do need regular check cystoscopy. 
The follow-up regimen must take into account the patient's general 
state of health, as well as the tumour stage and grade and number. 
These latter parameters are used to stratify patients into high risk 
of local muscle invasion (15-25% of patients) and low risk of 
invasion. 52 
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Figure 29.18 Tumour staging: low specificity. A: Mass in bladder in patient with macroscopic haematuria. Cystoscopy found bladder 
clot, but no tumour. B: Use of colour duplex imaging shows flow in the periphery of a mass in another patient: the flow would not be seen 
in blood clot, and cystoscopy confirmed a mass adjacent to the trigone. 


Once a patient has been classified as being at low risk of invasion 
- G1 disease, stage T1 or less - or has been shown on repeat cys¬ 
toscopy to have minimal episodes of recurrence, ultrasound can be 
utilised to reduce the frequency of cystoscopic surveillance. 53,75,76 
Dershaw and Scher reported a small cohort of 23 patients with 
known TCC of the bladder. 77 On 58 serial transabdominal scans, 
ultrasound correctly identified change (growth and regression) in 
83% of cases, being unreliable when interval surgery had occurred. 
Ultrasound was likewise shown to be limited in distinguishing 
oedema from sessile recurrence. The key observation from the 
study is that in no case in which the bladder wall was normal on 
sonography was tumour found (Fig. 29.19). Others have proposed 
combined transrectal and transabdominal ultrasound with or 
without cytology as an alternative to repeated cystoscopy. 78,79 Ultra¬ 
sound was generally preferred over rigid cystoscopy, although the 
transrectal probe was less popular! 78 When combined with cytology 
in a study of 125 patients, detection rate of recurrent tumours was 
93%, and 97% of the patients with recurrent tumour would have 
been referred for cystoscopy, and 3 patients would have mistakenly 
been sent for cystoscopy (false positive rate 2-3%). 79 The authors 
concluded that 'combination ultrasound and cytology may be a 
satisfactory alternative to check cystoscopy in certain categories of 
bladder tumours'. A Scandinavian paper 80 is more explicit, advocat¬ 
ing transabdominal ultrasonic scanning in place of routine cystos¬ 
copy (after the first check cystoscopy) in patients with low-grade 
Ta disease which shows no progression after the primary transure¬ 
thral treatment with cystoscopy reserved for patients with fre¬ 
quently recurring urinary bladder tumours, tumours of high grade 
regardless of T stage, patients with T1 disease regardless of grade 
and those with carcinoma in situ. 



Figure 29.19 During ultrasound surveillance in a patient with 
GIpTa bladder cancer (transitional cell), following a course of 
intravesical chemotherapy (BCG), recurrent polypoid disease may 
be noted. In this case, there is calcification within the fronds of the 
recurrent tumour, ascribed to inflammatory reaction to the BCG. 
This manifests as an echogenic rim where the tumour projects into 
the bladder lumen. Recurrence was confirmed at follow-up 
cystoscopy. 


Invasion of the bladder from adjacent tumours 

Local invasion of the bladder may be from the prostate in 
men, cervix or uterus in women, or the rectum. Urothelial cancer 
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developing in the urethra is relatively rare, and when there is con¬ 
tiguous TCC between the bladder base and proximal urethra, 
usually the primary will have developed in the bladder; the distinc¬ 
tion, in any case, is academic. 

Transrectal ultrasound (TRUS) is the primary imaging modality 
of choice for assessing prostate tumours that may have invaded the 
bladder base. Magnetic resonance imaging (MRI) has an important 
role in secondary investigation of these low pelvic masses. The 
provenance of the primary (urothelial tumour or prostatic adeno¬ 
carcinoma) is established by transurethral resection or transrectal 
ultrasound-guided biopsy, with staining for urothelial tumour 
markers and for prostate-specific antigen (PSA). In a similar vein, 
transvaginal ultrasound (TVUS), supplemented if necessary by 
MRI, is the best way to evaluate local invasion of the bladder by 
cancer of the cervix. 81 The parameters to be noted include morphol¬ 
ogy and bulk of the cervical tumour, thickening and echogenicity 
of the bladder wall, and mobility of the cervix over the lower 
bladder wall. This last feature is feasible because ultrasound is a 
real-time examination, unlike MRI. MRI, on the other hand, is supe¬ 
rior in elucidating tumour morphology and size. On both TVUS and 
MRI, progressive involvement of the bladder is apparent as: disrup¬ 
tion of the endopelvic fascia, focal mural thickening, changes in the 
bladder mucosa and interruption of the entire bladder wall. 81 

Transvesical ultrasound is accurate in detecting posterior bladder 
wall invasion by rectal cancer, but contrast-enhanced CT and 
contrast-enhanced MRI are universally acknowledged as the 
gold standard in imaging rectal cancer, and in assessing changes 
in the posterior pelvis (Fig. 29.20). 

Diverticula of the bladder 


A diverticulum (plural: diverticula) is an out-pouching of the 
mucous and submucous membranes through the muscle wall. They 
result from prolonged elevation of the intravesical pressure. Their 
most common associations are: 

■ benign prostatic hypertrophy 

■ urethral stricture 

■ neuropathic (high pressure) bladder. 



Figure 29.20 Tumour (urothelial cancer) in the distal left 
ureter detected on transabdominal ultrasound through a full 
bladder. Unsurprisingly, there is dilatation of the ureter above the 
tumour. The 53-year-old patient presented with microscopic 
haematuria, and underwent standard first-line investigations, 
including renal tract ultrasound. 


Having no muscle coat, diverticula do not empty reliably during 
micturition. They therefore predispose to infection, secondary to 
the urinary stasis. Stones are also liable to become trapped in a 
diverticulum. Bladder cancer can, of course, develop with the 
mucosa of a diverticulum, and because of the potential for local 
chronic inflammation from infection or stone entrapment, it is not 
unreasonable to proffer that squamous cell cancer may have a 
higher incidence in bladder diverticula than in normal bladder 
mucosa. 

Ultrasound is an ideal modality to detect bladder diverticula. 
Real-time scanning in limitless planes means that the communica¬ 
tion between the bladder and the 'para-vesical cystic collection' can 
be located, the so-called neck of the diverticulum (Fig. 29.21 A). 
Moreover, scanning post void, the degree of urinary retention 
within the diverticulum can be readily assessed. Endovaginal 
views, and colour Doppler interrogation can also assist in diagnos¬ 
ing bladder diverticula, specifically in distinguishing it from other 
pelvic cystic masses. 82 Once identified, ultrasound will determine 
whether there is debris or stones within the diverticulum, and will 
prompt the clinician to perform directed cystoscopy if focal wall 
thickening is suggested by ultrasound (Fig. 29.21B). Ultrasound is 
also useful in suggesting that a diverticulum may contain tumour. 83 

Fistula to the bladder 


A fistula is defined as an abnormal communication between two 
epithelialised surfaces. Fistulae to the bladder can therefore be to 
the vagina or uterine cavity in women, or to the bowel or abdominal 
wall in men or women. A fistula is not, in itself, pathology: it may 
be as a consequence of malignancy, infection, trauma, including 
iatrogenic trauma, or inflammatory conditions (Table 29.2). 

The clinical pointers that a patient may have a bladder fistula are 
offensive urine/faeculent urine, pneumaturia, or, in fistulation to 
the female genital tract, constant wetness/passing fluid per vagina. 
Pneumaturia or gas in the urine is a very specific finding, strongly 
suggestive of a fistula between the bowel and bladder. It is a 
symptom that needs to be specifically enquired of when a fistula is 
suspected clinically. In the case of fistula to the skin, the symptoms 
and signs will be self-evident. The ultrasound findings in fistulation 
to the bladder include (when the fistula is to bowel) echogenic gas 
in the anterior part of the lumen, casting a dirty shadow and 
severely attenuating the beam, limiting evaluation of the deeper 
part of the bladder. 84 When the posterior bladder is visualised, the 
urine will be echogenic. The responsible pathology may be visible 
- a tumour mass or a diverticular abscess, for example. 

The ultrasound findings of fistula between bladder and the 
female genital tract are less drama tic. 85 TVUS may locate the tract to 
the vagina, and the presence of fluid within the upper vagina may 
also be a clue. 86,87 A report from Munich assessing the efficacy of 
ultrasound contrast media in the diagnosis of vesico-vaginal fistu¬ 
lae concluded that observation of a jet through the bladder wall 
reliably pinpointed the fistula in over 90% of cases, 88 stressing that 
the examination is less invasive than cystoscopy and the lack of 
radiation exposure. 

Vesico-uterine fistulae are rare, usually secondary to gynaeco¬ 
logical or obstetric procedures. MRI is the method of choice in the 
diagnosis and preoperative assessment of these fistulae, but ultra¬ 
sound may detect echogenic bubbles in the tract between the 
bladder and uterus. 89 Sonography is also useful by scanning with a 
full and empty bladder, demonstrating a focal area of proximity 
between bladder and uterus regardless of the degree of bladder 
filling. 


PATHOLOGY OUTSIDE THE BLADDER 

Symmetrical compression of the bladder, associated with elevation 
of the bladder floor, has a striking appearance on ultrasound, with 








Pathology outside the bladder 


Table 29.2 Fistulae to bladder by site and aetiology 

Fistula to 

Malignancy 

Inflammation 

Trauma 

Other 

Large bowel 

Cancer rectum or sigmoid 

Diverticulitis 

Gun shot (endoscopy) 

Post radiotherapy 


colon; cancer bladder 

Crohn’s disease 


Post surgery 

Small bowel 

Cancer small bowel; bladder 

Crohn’s disease 

Penetrating injury 

(Post 


cancer 



radiotherapy) 

Vagina 

Cancer cervix, cancer 



Post radiotherapy 


vagina, cancer bladder 




Uterus 

Endometrial cancer, bladder 


Post caesarean section 

Post radiotherapy 


cancer 


Penetrating injury 


Skin 

(Bladder cancer) 

Subcutaneous infection 

Penetrating injury 

Post radiotherapy 


Brackets 0 denote theoretical aetiology rarely if ever encountered in clinical practice. 



Figure 29.21 Bladder diverticula. A: Wide-necked posterior wall bladder diverticulum containing sludge and debris. B: Bladder 
diverticulum complicated by small echogenic stone. 


the bladder taking on the shape of an inverted fir cone. The dif¬ 
ferential for this appearance is easy to resolve with clinical history: 
in the well patient, almost always male, pelvic lipomatosis is sus¬ 
pected; following trauma, the diagnosis is pelvic haematoma; when 
there is a longstanding history of LUTS, consider chronic cystitis. 

Extrinsic masses 


Ultrasound is very sensitive in detecting physiological and patho¬ 
logical enlargement of the solid pelvic organs (Fig. 29.22). Thus, the 
gravid uterus or a subserosal leiomyoma can be detected readily, 
and the extrinsic mass effect on the bladder assessed. The common¬ 
est cause of pressure on the bladder from an adjacent organ is 
benign prostatic hypertrophy. In addition to possible bladder 
outflow obstruction, with wall thickening, the median lobe of the 
prostate may enlarge and indent the base of the bladder. 

Malignant involvement of the bladder can be seen in cancers of 
the rectosigmoid, when the invasion may be complicated by a 
fistula. Loss of the normal separation between the rectum and pos¬ 
terior bladder wall, coupled with a soft tissue mass and air in the 
bladder (manifest by an echogenic layer in the non-dependent part 
of the lumen which casts a 'dirty' shadow), are highly suggestive 



Figure 29.22 Extrinsic compression of the posterolateral 
bladder wall by an enlarged ovary in a patient with confirmed 
polycystic ovarian syndrome. 
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of a gastrointestinal malignancy invading the bladder. The same 
findings can be seen in local invasion of the bowel by a bladder 
mass, but this is much less commonly encountered than bowel 
invading bladder. 

Prostate cancer can invade the bladder base, frequently progres¬ 
sively occluding the ureteric orifices. In these cases, the patient may 
present in acute renal failure with bilateral asymmetric hydroneph¬ 
rosis. In women, cervical cancer can behave in the same way. When 
the bladder base is involved, the ultrasound findings include uret¬ 
eric and pelvicaliceal dilation, inferior bladder wall focal thickening 
and a soft tissue mass in the lower pelvis. Transrectal ultrasound 
for prostate cancer and transvaginal ultrasound for cervical cancer 
are more sensitive in demonstrating the primary origin of disease 
and the invasive soft tissue mass than transvesical imaging. 


SPECIFIC CONDITIONS 


Inflammatory/infective 


Cystitis has several causes. Ultrasound cannot distinguish between 
the different aetiologies. Indeed, the bladder usually appears 
normal in acute cystitis; and when there is abnormality, the appear¬ 
ances are non-specific, being seen also in patients with tumour. In 
short, the clinical diagnosis of cystitis is confirmed by urine analysis 
and cystoscopy. 90 

There are a number of features that can be seen in cystitis that 
can suggest the diagnosis: 

■ Calcification in the bladder wall - this is most commonly an 
indicator of schistosomiasis infection, and can also be seen in 
tuberculosis or following radiation. 

■ Gas in the bladder wall, often associated with gas in the lumen: 
this is a significant finding with a relatively grave prognosis, 
signifying emphysematous cystitis. The condition is almost 
exclusive to those with a long history of diabetes mellitus. 

■ Multiple echoes within the urine, especially in the clinical 
setting of a patient with signs of infection, suggest infective 
cystitis or even pyocystitis. 

■ In chronic cystitis, the bladder wall becomes thickened, 
bladder capacity is reduced and the detrusor irritable. 

■ Infection in adjacent organs can result in sympathetic cystitis 
in the bladder: ultrasound may reveal an inflamed appendix 


Causes of cystitis 

Infective 

• Viral 

• Fungal 

• Protozoal - schistosomiasis 

• Tuberculosis 

• Malacoplakia 

Iatrogenic 

• Post radiotherapy or chemotherapy 

• Medications 

• Catheters 

Other 

• Vasculitis 

• Eosinophilic 

• Interstitial 

• Granulomatous 

Emphysematous 

• Gangrenous 

• Empyema 


or myotubular disease. If there is sigmoid diverticulitis, a 
fistula may develop in which case the ultrasound examination 
may reveal gas in the bladder, and debris/faeces lying in the 
dependent portion of the bladder. 

■ It is important to stress that the findings are non-specific, 
and ultrasound must be interpreted in the wider clinical 
picture, as malignancy and cystitis have a broad overlap on 
imaging. 91 

Pregnancy-related pathology of 
the bladder 


The most important pregnancy-related problem in the urinary tract, 
by an order of magnitude, is infection (UTI). This is mostly managed 
without the need for imaging. In some cases, renal tract ultrasound 
is indicated, mostly concentrating on the upper tracts, seeking out 
stones, undue hydronephrosis or complications of the UTI. Bladder 
ultrasound is generally not critical in this setting. 

There are two pathologies related to pregnancy and birth that can 
affect the bladder. These are: 

1. Fistula between the bladder and the uterus post caesarean 
section. Ultrasound in this case may hint at the problem, 
with the posterior wall of the uterus adherent to the bladder 
regardless of the time of filling of the bladder. A small 
convexity of the bladder wall where it is closely apposed to the 
uterus can sometimes be detected. Nevertheless, the diagnosis 
is reliant on cystoscopy, cystography or sagittal T2 MRI. 

2. Placenta percreta. 

Placenta percreta 

Rarely, the placenta invades through the decidual lining of the 
uterine cavity, into the uterine muscle (placenta accreta). More 
rarely still, trophoblastic tissues penetrate the serosa of the uterus 
and may extend directly into the bladder. 92-94 With the ubiquitous 
use of prenatal ultrasound, this uncommon but potentially fatal 
condition may be detected by ultrasound, especially as 3D ultra¬ 
sound becomes more commonplace. 92,95,96 

Endometriosis of the bladder 


Occasionally the endometrial glands and stroma can implant in the 
urinary bladder wall. The patient will then present with cyclical 
haematuria, coinciding with menstruation. Bladder wall endome- 
triomas are usually hyperechoic, with internal septations. 97-99 While 
clinical presentation and ultrasound findings may suggest the diag¬ 
nosis, the diagnosis is made by cystoscopy and biopsy. 100 

Postoperative 


Conduits and partial resections 

There are several operations to augment the urinary bladder, either 
in patients with low capacity bladders, or as part of neo-bladder 
formation following cystectomy. In the cystectomised patient, the 
neo-bladder may be formed by attaching a pouch fashioned from 
bowel onto the trigone, resulting in a functional unit with preserved 
micturition. Alternatively, a pouch may be drained via a conduit to 
the abdominal wall, the stoma being 'continent' (drained by inter¬ 
mittent catheterisation) or 'incontinent' (urostomy and stoma bag). 
Regardless of the surgical variance, the augmented bladder tends 
to have an irregular shape, with irregular, fronded mucosal mem¬ 
brane forming the wall. 101 Because of the irregularity, ultrasound is 
mostly limited to estimating post-micturition volumes, gauging 
roughly the capacity of the neo-bladder, and looking for stones 
within the lumen. 102 








Procedures 


Types of bladder trauma 

Nature 

• Penetrating injury: bullet or knife 

• Iatrogenic 

• Obstetric 

• Pressure necrosis: bladder neck - fistula 

• Caesarean section 

• Puncture by bone spicule in pelvic fracture (road traffic accident, 
fall, riding or sporting injury, etc.) 

• Radiation 

• Spontaneous 

Type 

• Simple: 

• Intraperitoneal 

• Extraperitoneal 

• Combined 

• With urethral involvement 

• With rectal involvement 


Key points in the management of bladder trauma 

• Injury to the lower urinary tract often as part of more widespread 
abdominal/pelvic trauma. 

• The most important message is: avoid compounding the initial 
trauma with iatrogenic injury (injudicious passage of a urethral 
catheter). 

• If the patient develops retention and a urethral injury cannot be 
excluded: insert suprapubic catheter. 

• If the urethra is damaged, suprapubic catheterisation is indicated 
and definitive treatment of the urethra deferred for 6 or more 
weeks. 

• Ultrasonography is not a routine investigation in the initial 
assessment of urethral injuries but can be useful in determining 
the position of pelvic haematoma and the high riding bladder, 
when a suprapubic catheter is indicated. 

• In polytrauma, CT of the pelvis is usually available, and this can 
suggest with surprising accuracy the extent and type of urethral 
injury and bladder injury. 

• The MRI suite is no place for the acute trauma patient. 


Trauma 


FAST (focused assessment with sonography in trauma) is widely 
practised in the Accident and Emergency Departments in Europe 
and Australasia. In the acute setting, the scan sets out to detect free 
fluid in the abdomen. The fluid may be due to internal bleeding or 
it may indicate rupture of a viscus, including, of course, the bladder. 

Isolated bladder trauma is rare, and usually iatrogenic in aetiol¬ 
ogy. As such, it is commonly recognised at the time of injury, and 
imaging is not required. When the bladder is injured, it is more 
commonly in conjunction with more widespread trauma, frequently 
associated with bony and soft tissue pelvic damage. In these cir¬ 
cumstances, current practice would be to resuscitate the patient and 
undertake emergency contrast-enhanced CT. The role of ultrasound 
is limited in this setting. 

Ultrasound, nevertheless, does, indirectly have a bearing on 
bladder trauma management. For example, when there is intraperi¬ 
toneal rupture of the bladder, as may occur when the distended 
bladder is compressed, typically in a road traffic accident, the urine 
will escape from a rent in the bladder dome, and manifest as free 
fluid on the FAST scan. 

Ultrasound may also be invaluable in the acute setting when 
there is suspected urethral injury, specifically when urethral disrup¬ 
tion is suspected. The examination may confirm a bladder contain¬ 
ing urine in spite of the patient's inability to void, and the bladder 
may be unusually high in the pelvis, having lost its anchor to the 
urogenital diaphragm. The urine may be echogenic, indicating 
blood within the lumen, but in an isolated urethral injury, the urine 
will be anechoic. Naturally, the presence of echogenic urine in the 
setting of trauma suggests possible injury to the kidneys or ureters, 
alerting the clinical team without the need to examine the urine for 
haematuria. When urethral or bladder injury is suspected, the acute 
management is insertion of a Foley balloon catheter, and if there is 
urethral tear, this should be via a suprapubic approach, best per¬ 
formed under ultrasound guidance. See 'Procedures' below. 

Key points in bladder trauma are presented in the following 
boxes. 


PROCEDURES 


Suprapubic catheterisation 


Suprapubic catheterisation has been alluded to in the previous 
section. In addition to its use in the management of pelvic/urethral 


Patterns of bladder rupture following trauma 

• Peritoneum covers superior surface. 

• Anterosuperior perforation: urine into peritoneal cavity, or Retzius 
space or both. 

• Posterosuperior perforation: peritoneal cavity or retroperitoneum 
or both. 

• Base supported by fascia and urogenital diaphragm and pelvic 
floor muscles. 

• Superior fascia prevents leak into pelvis. 

• Inferior fascia (melding to Colles’ and Scarpa’s fascia and dartos 
muscle) prevents leak into perineum. 

• In intraperitoneal rupture, pelvic fracture seen in 75%. 

• In extraperitoneal rupture, pelvic fracture seen in 99%. 

• Intraperitoneal combined with extraperitoneal rupture in 5%. 


trauma, it may be necessary in acute urinary retention when per- 
urethral catheter passage is impossible - for example when there is 
a tight urethral stricture or a false passage. Traditionally, suprapu¬ 
bic catheterisation is performed by the urology middle grade, 
without the assistance of real-time imaging. As with all modern 
medical practice, there has been a drift in the past few years to 
requesting radiological input with real-time ultrasound in placing 
the catheter. 

The ultrasound readily identifies the bladder, confirms it is suf¬ 
ficiently full, can predict the depth of the tract, can identify any 
vessels in the skin or subcutaneous tissues (with colour flow 
imaging), and can confirm when the trocar has penetrated the ante¬ 
rior bladder wall. 

Urinary bladder catheter balloon puncture 


Occasionally, removal of a Foley bladder catheter is impossible 
because the retaining balloon will not deflate. Almost invariably the 
balloon has inadvertently been inflated with saline rather than 
water, and the solution has reacted with the rubber to crystallise. 
In these cases, ultrasound is invaluable, being used in real-time to 
guide a 22-gauge spinal needle transcutaneously through the 
bladder wall and into the balloon. The balloon usually has to be 
punctured several times, because the problem is not so much with 
the rubber membrane but with the 'congealed' saline contents. The 
operator can see when the retaining balloon has burst, and only 
then withdraw the catheter, avoiding undue trauma to the bladder 
base and urethra (or to the bladder wall and perivesical tissues in 
the case of a suprapubic catheter). 
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INTRODUCTION 


Not all animals have a fully developed, anatomically recognisable 
prostate gland. The human is one, also interestingly the dog, 


and both species are prey to the common prostatic diseases of 
enlargement, prostatitis and prostate cancer, though curiously, in 
dogs an enlarged prostate is more likely to obstruct the colon, rather 
than the bladder. The word 'prostate' is of Greek origin - protector 
or guardian - reflecting the gland's role as a 'doorkeeper' to the 
bladder, a role it serves well, protecting the male from the minor 
stress leakage not uncommon among females of any age. Its 
anatomy is complicated only because it has undergone revision. 
Classical texts describe a lobar anatomy, now discarded as inaccu¬ 
rate and replaced with a zonal subdivision. Conveniently, these 
zones can be clearly identified on ultrasound (US), hence its central 
role in imaging of the prostate gland. 


EMBRYOLOGY 


The prostate originates from the urogenital sinus, as outpouchings 
from the prostatic part of the urethra between the 9th and 12th 
weeks of fetal life. This develops into the glandular, stroma and 
smooth muscles of the gland; but the seminal vesicles and ejacula¬ 
tory ducts (and possibly the central zone, see below) are of Wolffian 
duct origin. Skene's glands found in the female urethra are the 
female homologue of the prostate. 


GROSS ANATOMY OF THE PROSTATE 

Of no vital physiological function, the gland is situated between the 
bladder and the muscles of the pelvic floor. In shape it approximates 
to an inverted cone. Thus the base of the gland is situated superiorly 
and the prostate apex is paradoxically its most inferior portion, 
adjacent to the external urethral sphincter. Dimensions of the non- 
enlarged gland are up to 3 cm in height, 2.5 cm in depth and 4 cm 
in width and its volume is less than 25 mL, or the size of an apricot. 
Like the apricot, the gland also has a midline groove, which is pal¬ 
pable but strangely not identifiable on imaging. Beyond the age of 
40 years, with the onset of benign prostatic hyperplasia, the gland 
commonly enlarges. 


SURFACE RELATIONS OF 
THE PROSTATE 


The gland lies within the lower pelvis, where it funnels down 
towards the perineum. The symphysis pubis lies in front, particu¬ 
larly over the lower gland. The posterior relations are the rectum, 
with the seminal vesicles lying in between, behind the bladder neck. 
The lateral surfaces abut the pelvic side walls and the levator ani 
muscles. The neurovascular bundles, which contain the arteries and 
neural supply of the gland, are located posterolaterally and are 
vulnerable during surgical dissection, which can lead to erectile 
dysfunction, as some of the neural fibres also supply the corpora 
cavernosa of the penis. 
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Figure 30.1 The anatomy of the prostate gland and surrounding structures. A and B: Axial and coronal line illustrations of the 
prostate gland and its immediate anatomical relationships (modified from Patel U, Rickards D, Handbook of Transrectal Ultrasound and 
Biopsy of the Prostate, Martin Dunitz 2002). C: Line illustration of the classical lobar anatomical model, which is now known to be 
inaccurate, although certain terminological derivations are still sometimes used, e.g. median lobe enlargement. D: The zonal model of the 
gland (modified from Patel U, Diseases of the bladder and prostate, in Ultrasound of the Urogenital System, Baxter G, Sidhu P, Eds, 
Thieme, 2006). As well as being more accurate, this has clinical correlates (see text) and the zones can be differentiated on imaging. 

E: The fascial planes around the gland. These planes are not generally identifiable on ultrasound, except for the capsule (AFS, anterior 
fibromuscular stroma; TZ, transition zone; CZ, central zone; PZ, peripheral zone; ED, ejaculatory duct; A, artery; V, vein; N, nerve). 


Further surgical, and radiological, landmarks are the bladder 
neck (cephalad), the external sphincter (caudal) and the dorsal vein 
complex (anterior), which overlies the apex of the gland. The 
urinary sphincters (i.e. the bladder neck and the external sphincter, 
the latter being more important for continence) fuse with the 
prostate gland. All these structures are usually identifiable on 
sonography. 


PERIPROSTATIC FASCIA 


The prostate is surrounded by three fascial layers (Fig. 30.1). Denon- 
villier's fascia is a fused layer of connective tissue behind the gland, 
separating it from the rectum. Over the anterior surface lies the 
prostatic fascia, which is superficial to the prostatic venous plexus, 
but beneath the dorsal vein of the penis. As it passes posterolater- 
ally, the prostatic fascia fuses with the third fascia - the levator 
fascia - to form the lateral pelvic fascia. None of these fascial plains 
are identifiable on ultrasound. 


THE PROSTATIC CAPSULE 


The prostate does not have a true fibro-elastic capsule (Fig. 30.1), 
but the surrounding 2-3 mm of stromal tissue is seen as a distinct 
boundary on imaging, including transrectal ultrasound (TRUS). It 
can also be identified pathologically and is loosely termed the 'pros¬ 
tate capsule'. This capsule thins towards the apex, making local 
cancerous spread more likely at the apex. Further areas of capsular 
weakness are around the base of the gland, where the ejaculatory 
ducts pierce through, and those points along the posterolateral 
margins perforated by the neural and vascular supplies. All these 
also represent points of early local cancer spread and should be 
especially inspected on TRUS. 


ZONAL ANATOMY OF THE GLAND 

Classical anatomists believed in a lobar prostate anatomy, based on 
dissections along natural planes of the embryological prostate (Fig. 
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30.1). Five lobes were described - the anterior, middle, posterior 
and two lateral lobes. The anterior lobe was that small area of 
the gland anterior to the urethra; the median lobe the region 
between the ejaculatory ducts and the proximal urethra. The 
remaining gland at the back and to the sides represented the pos¬ 
terior and lateral lobes. In reality, clear lobar anatomical distinction 
is not demonstrable in the adult gland, and the model has now 
fallen into disuse, to be replaced by a zonal model 1 based on 
glandular differentiation (Fig. 30.1). These zones also closely cor¬ 
relate with radiological and histological anatomy. Three zones are 
described - the peripheral, central and transition zones - though 
some texts, inaccurately, consider the peri-urethral glands as a 
further zone. 

The peripheral zone (PZ) accounts for most of the gland in the 
young adult (>70%). It lies behind the urethra and is bulkier around 
the base. Its lateral margins project substantially anterior, such that 
this zone is seen to 'cup' the gland on axial TRUS. These 'cups' are 
termed the posterolateral margins or the anterior horns, adjacent to 
the neurovascular bundles. The second largest glandular portion is 
the central zone (CZ, about 25% of the non-enlarged gland), which 
lies anterior to the PZ and behind the proximal urethra (similar to 
the median lobe of the old lobar model). The ejaculatory ducts 
traverse the CZ. The transition zones (TZ) are two glandular areas 
adjacent to the urethra, and account for less than 5% of the gland 
in the absence of benign prostatic hyperplasia (BPH). Histologi¬ 
cally, the zones demonstrate subtle microscopic differences and it 
is believed that the CZ may be of Wolffian duct origin as it partly 
resembles the seminal vesicle epithelium. Further histological com¬ 
ponents of the gland are the fibromuscular stroma, which lie most 
anterior to the urethra. Unlike the zones, neither the anterior fibro¬ 
muscular stroma nor the peri-urethral glands are clearly identifia¬ 
ble on US or of much clinical importance. Terminologically, the 
gland is sometimes also divided into an outer and inner gland, 2 
with the outer gland comprising the PZ and CZ and the inner gland 
the TZ and peri-urethral glands. This nomenclature is often used 
loosely in clinical practice to differentiate that part of the gland 
more likely to harbour cancer (i.e. the PZ) from the rest of the gland. 

For the radiologist, the value of the zonal model is that it corre¬ 
lates with the common prostate pathologies. 3 For unknown reasons, 
cancer most commonly originates in the PZ, whilst benign prostatic 
hyperplasia (BPH) is principally a disease of the TZ and the peri¬ 
urethral glands. Prostatitis, the third commonest prostate disease, 
can affect any zone. 2 


BLOOD SUPPLY OF THE PROSTATE AND 
SEMINAL VESICLES 


The main arterial supply to the prostate and seminal vesicles arises 
from the inferior vesical artery, which is a branch of the anterior 
division of the internal iliac artery. The distal arterial branches can 
be grouped into capsular and urethral branches. The capsular 
branches are located in the lateral pelvic fascia, posterolateral to the 
bladder, and supply the outer prostate. The urethral branches of 
the inferior vesical artery enter the prostate at the junction of the 
bladder and prostate, and supply the central portion. This arterial 
distribution is recognisable on TRUS, with 'normal' flow being 
greatest around the periphery and the urethra. 

Venous drainage is more complex, and their surgical control is 
an important step during prostatectomy. The dorsal vein of the 
penis divides into three branches that also drain the prostate. A 
single superficial branch lies anterior to the prostatic fascia. The 
right and left lateral deep branches pass posterolaterally, beneath 
the prostatic fascia. These veins are not clearly separable during 
TRUS. All of the major branches interconnect with adjacent venous 
complexes, particularly the lateral pelvic plexi (e.g. the internal 
pudendal vein, obturator and pelvic plexi), and this ramifying 
venous system finally drains into the iliac veins; in addition some 
veins also communicate with the lumbar venous complex of Batson. 


This posterior venous outlet, coupled with the propensity of early 
periprostatic tumour spread because of the deficient prostate 
capsule (as described above), accounts for the early spread of pros¬ 
tate cancer to the pelvic and lumbar bones. 


PROSTATIC NERVE SUPPLY 


From an imaging perspective, the vascular bundles act as a land¬ 
mark for the neural plexus as the nerves are not otherwise identifi¬ 
able. They contain fibres from the inferior hypogastric plexus, 
parasympathetic fibres from the pelvic splanchnic nerves (S2, 3 and 
4) and sympathetic fibres from the sacral sympathetic trunks. The 
resulting plexus runs along the pelvic side wall, and at the level of 
the prostate is situated within the lateral pelvic fascia, superficial to 
the prostatic fascia, intimately related to and inseparable from the 
vascular bundles. 

The major relevance of the prostatic nerves to the imager is 
merely to appreciate that the gland is to a degree sensate, and that 
local anaesthetic is of benefit during prostate biopsy. 


PROSTATIC LYMPHATIC DRAINAGE 

Prostatic lymphatics drain into the periprostatic subcapsular 
network, and then to the internal iliac, external iliac and obturator 
chains. There is no constant sentinel node described for prostate 
cancer spread, but the commonest affected is the obturator node. 
Although theoretically within reach of TRUS, the periprostatic 
nodes are in practice rarely visualised on US. 


THE SEMINAL VESICLES, EJACULATORY 
DUCTS AND SPHINCTERS 


The seminal vesicles, ejaculatory ducts and urethral sphincters (Fig. 
30.1) are important para-prostatic structures as they may be either 
individually diseased or involved as a part of prostate disease. The 
seminal vesicles (SVs) are positioned above the prostate, against the 
posterior wall of the bladder. The ureter passes superomedial to 
the seminal vesicles and the neurovascular bundles lie in the groove 
between the prostate and vesicle. Blood supply to the vesicles is 
from branches of the middle rectal and inferior vesical arteries. 

Anterior to, and eventually medial to, each vesicle lies the ductus 
(or vas) deferens. The ampulla (or duct) of the seminal vesicle fuses 
with the ampulla of the vas to form the ejaculatory duct (ED), which 
punctures the base of the gland, traverses anteroinferioly through 
the central zone and empties into the prostatic urethra at the veru- 
montanum. The duct is a potential pathway for local tumour exten¬ 
sion into the seminal vesicles. 

Urinary continence is dependent on the bladder neck and the 
external urethral sphincter. The bladder neck has smooth muscle 
fibres contiguous with those of the prostate and seminal vesicles 
(the bladder neck is sometimes termed the internal sphincter). The 
external sphincter is composed of striated muscle, responsible for 
voluntary control of continence. Its preservation is of prime concern 
during prostatic surgery. On US, the position of both sphincters is 
identifiable, as they are more hypoechoic than prostate, or of mixed 
echogenicity. 


TRANSRECTAL ULTRASOUND OF 
THE PROSTATE AND ACCESSORY 
STRUCTURES 


Although the gland may be visualised on transabdominal scanning, 
the views are too poor for diagnosis but the dimensions may be 












Transrectal ultrasound of the prostate and accessory structures 



TRUS examination of the prostate 
Preparation: None specific 
Position: Left lateral position 

Probe: 5-10 MHz. An end-firing probe is best, but combined axial/longitudinal probes 
are also available 

Method: Adjust scan parameters. Adjust focal zones to encompass the whole gland 
and gain until entire gland is well seen. Decrease frequency and adjust the time gain 
compensation for large glands. Next, scan gland in both planes from base to apex and 
from side to side 
Images: recorded in 

a. Axial plane - base, mid- and apex 

b. Longitudinal plane - midline, left and right para-sagittal 
Assess: 

1. Measure gland volume (formula: height x width x length x 0.52) 

2. Note echotexture, nodules and gland symmetry 

3. Evaluate the capsule 

4. Scrutinise blind areas in both planes - posterolateral margins (also sometimes 
called anterior horns), base, apex and far anterior gland (decrease frequency to 
5-7.5 MHz) 

5. Assess neurovascular bundle symmetry 

6. Seminal vesicle/Ejaculatory duct assessment - scan in both axial and longitudinal 
planes, although axial plane is better for SVs and longitudinal for EDs 

7. Colour Doppler imaging 

Notes: Gland volume is more accurately measured by planimetry. The formula above 
becomes increasingly inaccurate with glands >80 mL. 



Figure 30.2 The technical details of transrectal ultrasound 
scanning of the prostate gland and its surrounding 
structures. A and B illustrate how to scan in the axial and 
longitudinal planes using the most commonly used end-firing 
TRUS probe. Note the rocking (A) and rotating (B) movements 
necessary for scanning in the axial and longitudinal planes 
respectively. A systematic approach to scanning is important and 
these are listed in the table. The last image (C) shows how the 
gland volume is measured. 


measured, albeit imprecisely. In contrast, the prostate can be seen 
with sub-millimetre precision using a transrectal probe. 4 Varieties 
of probe designs are available. Radiology departments favour the 
more versatile end-firing probe which requires a fanning or rocking 
motion (Fig. 30.2), unlike the simple advancement or rotation move¬ 
ments necessary for true axial /longitudinal probes. Modern probes 


scan at a frequency of 5-10 MHz, but are also capable of multifre¬ 
quency scanning and prostate biopsy as well. For most glands 
7.5-10 MHz is adequate, but large glands require 5-MHz to inspect 
the anterior structures or the bladder neck. 

The left lateral position is best for scanning, and the higher the 
knees are flexed the easier the examination for both patient and 
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Tips and tricks 

• The higher the knees are flexed, the easier the examination for 
the patient as probe introduction is easier. 

• For easier probe introduction, ask the patient to take deep 
breaths in and out, and advance the probe during each expiration 
and follow the normal contours of the rectum. Deep breathing 
reduces the anal sphincter contraction that occurs during breath 
hold, and especially during Valsalva manoeuvre. 

• If views are poor, it may be due to poor rectal wall contact 
- point the probe tip anteriorly. 

• If the anterior part of the gland is poorly seen, reduce the 
frequency to 5-7.5 MHz, increase the gain and focal depth. 

• Evaluate all suspected abnormalities in at least two different 
planes, especially the ‘blind areas’ of the gland - the 
posterolateral margins, apex and the base. 


operator. No special preparation is necessary. Some urine in the 
bladder is helpful, but over-distension will lead to urinary urge 
as the probe is moved around. The lubricated, condom- 
covered probe is inserted into the anus and directed slightly poste¬ 
rior, to follow the natural contour of the lower rectum. Deep 
breathing through an open mouth helps to relax the anal sphincter 
and the probe is incrementally advanced, during each expiration. 
This manoeuvre is especially useful in those with a narrow anus or 
tight sphincter. 

The probe should be advanced till the gland is seen anteriorly - 
about 10 cm beyond the anal margin - and the gland scanned in a 
systematic manner (summarised in Fig. 30.2). Magnification should 
be adjusted until the entire gland is visualised on the screen. 2 Mul¬ 
tiple focal zones are more useful with modern probes, and the focal 
depth adjusted to encompass the whole gland. 

First the gland size should be measured (Fig. 30.3). Studies have 
shown that the correlation between the volume and true prostate 
weight is between 0.82 and 0.99. 5 The correlation is poorer for large 
glands (>80 mL) as they deviate from the semi-ellipsoid shape, 
assumed by the formula used for volume calculation. Next the 
gland should be examined in the axial plane from the base to 
the apex. 

The echogenicity of the glandular zones should be compared 
between the two sides and note made of any asymmetry. The 
gland should then be scanned in the longitudinal plane and asym¬ 
metry again noted. Any suspected abnormality should be 
examined in two planes, as only those seen on both will be true 
abnormalities. This is especially useful near the gland base and 
apex, as otherwise partial voluming of adjacent seminal vesicles or 
urethra can be misinterpreted as hypoechoic abnormalities. The far 
lateral edge of the gland is another blind spot that should also be 
scrutinised in both planes. Finally, the seminal vesicles, ejaculatory 
ducts, vasa and the external urethral sphincter should be 
examined. 

Colour flow imaging can be of some diagnostic value 6 and should 
be used routinely. The colour window should be enlarged to 
encompass the entire gland in the axial view. The gain should be 
reduced till there is no 'flow', and then slowly increased till flow 
commences around the capsule and the urethra. A low flow setting 
is useful. This is 'normal' prostate vascularity (see under 'Blood 
supply of the prostate and seminal vesicles' - above - for explana¬ 
tion). Flow characteristics should be slowly evaluated in the axial 
plane, from the base to the apex of the gland, and any focal intra- 
parenchymal flow asymmetry noted. Intravenous contrast will 
augment flow, 7 normal or abnormal, but is not yet used routinely. 
Duplex Doppler US has no diagnostic role in the prostate and 
sonoelastic imaging, or elastography, is still being explored. The 
accepted indications for TRUS are well described. 


Indications for TRUS 

Established indications 

• Measurement of prostate size 

• Targeting for prostate biopsy 

• Evaluation of haematospermia 

• Evaluation of azoospermia or ejaculatory dysfunction 

• Evaluation of acute prostatitis and suspected prostatic abscess 

• Staging of prostate cancer (although this is not as accurate as 
MRI, it is useful when MRI findings are equivocal) 

Indicated in selected cases 

• Assessment of benign prostate hyperplasia 

• Assessment of patients with negative biopsy but rising prostate- 
specific antigen (using colour Doppler imaging) 

• Recurrent bladder outflow obstruction 

• Evaluation of the prostate bed after radical prostatectomy 


SONOGRAPHIC APPEARANCES OF 
THE NORMAL PROSTATE GLAND 


In the young man, the gland is homogeneous 2,4 and the zones dif¬ 
ficult to differentiate, but generally the peripheral zone is hypere- 
choic relative to the central and transition zones (Figs 30.3 and 30.4). 
This echo-differentiation is further boosted by glandular enlarge¬ 
ment, because of compression of the peripheral zone, but normally 
the central and transition zones cannot be separated from each 
other (the position of the CZ can usually only be inferred from the 
location of the ejaculatory ducts). 

The anterior fibromuscular stroma is not easily defined either. 
Although there is no histological prostate capsule, the distinction 
between the gland and surrounding fat is so distinct that a 'sono¬ 
graphic' capsule can be seen. The levator ani muscles are seen as 
linear mixed echogenic lateral boundaries of the prostatic bed. The 
urethra is seen as a line, also of mixed echogenicity, but has no 
lumen at rest. With muscular hypertrophy the urethra, and bladder 
neck, become increasingly hypoechoic and sound attenuating, a 
common finding with prostate gland enlargement. Just beyond the 
apex can be seen the hypoechoic external urethral sphincter. In 
the longitudinal plane, the non-enlarged gland should not elevate 
the bladder base. Elevation is seen with glandular enlargement, 
especially if the CZ is enlarged, and the term 'median' lobe enlarge¬ 
ment still has some loose clinical value. 

Highly reflectile, non-shadowing foci may be seen within the 
ducts of the inner gland, so-called corpora amylacea (Fig. 30.5) 
representing mucoproteins. They have no clinical significance. Scat¬ 
tered calcification is also sufficiently common to be considered a 
'normal' finding. Heavier focal calcification may represent prosta¬ 
titis (see below) or calculi within the ejaculatory ducts or urethra; 
and only very rarely is prostate cancer calcified. 

Normal prostate vascularity 


On colour Doppler US, 6,7 the normal gland has strong vascular 
signals from the neurovascular bundles, the pericapsular arteries 
and the peri-urethral branches (Fig. 30.6) but there is little internal 
or parenchymal flow. Importantly, like the overall gland echogenic¬ 
ity, normal parenchymal vascularity is broadly symmetrical. 


SONOGRAPHIC APPEARANCES OF 
THE NORMAL SEMINAL VESICLES AND 
EJACULATORY DUCTS 


For seminal vesicles, both transverse and longitudinal scans are 
helpful (Fig. 30.7). Ejaculatory ducts are best seen in the 







Sonographic appearances of the normal seminal vesicles and ejaculatory ducts 
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Figure 30.3 Axial TRUS (A-F) and longitudinal (G) images of 
a normal prostate gland, from cephalad to caudal. Note the 
symmetrical echotextural appearance of the two sides on axial 
scanning. Axial views are generally speaking the most useful, but 
complete examination requires longitudinal scanning as well. 
Abnormalities should always be confirmed in both views, and the 
blind areas (see text) should also be evaluated in both planes (PZ, 
peripheral zone; CZ, central zone; TZ, transition zone; U, urethra; 
NVB, neurovascular bundle; ED, ejaculatory duct; SV, seminal 
vesicle; V, vas deferens; LV, levator ani; ES, external urethral 
sphincter; AFS, anterior fibromuscular stroma). Note the division 
between the outer and inner gland (see text for explanation). 

Note also that the normal ED has no identifiable lumen. 
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Figure 30.4 Normally the peripheral and central zones cannot 
be easily differentiated, but they are clearly seen in this case. There 
is no especial disease of the central zone, except that it is felt to be 
of the same embryological origin as the Wolffian duct structures 
and may be absent when there are anomalies of this duct, 
pz, peripheral zone; cz, central zone. 



Figure 30.5 Non-shadowing reflectile hyperechoic opacities 

(arrow) are commonly seen on TRUS. These are felt to represent 
mucoproteins in the duct, so called corpora amylacea. 


longitudinal view. The normal vesicle has a width of about 1.5 cm, 
is usually about 4 cm long and is symmetrical with its counterpart 
vesicle. Although normal size ranges have been described, in prac¬ 
tice size estimation is of no clinical value. 

On good quality ultrasound the seminal vesicle epithelium 
may be identified with its separate mucosal layers (Fig. 30.4), but 
the value of SV epithelium analysis on US has not been explored. 
Often the lumen, and its swirling contents, may also be visualised. 
This is normal physiological distension, is symmetrical (Fig. 30.7A) 
and can be differentiated from true seminal vesicle dilatation 
by repeating the scan after ejaculation. True dilatation is usually, 
but not always, asymmetric and associated with vasal/ejaculatory 
duct dilatation. With agenesis of the SV, the ipsilateral vas 
is usually also absent. In the longitudinal view, an important assess¬ 
ment, especially in those with suspected prostate cancer, is the 
angle at which the vesicle enters the gland. At this point, the 
periprostatic fat creates an acute hyperechoic angle (Fig. 30.7C), 
which is lost in the presence of extracapsular extension of cancer 
into the SVs. 

On modern machines, the normal ejaculatory ducts are readily 
seen as hyperechoic tramlines on longitudinal scans and as com¬ 
posite midline ovoid structures in the axial view. The normal duct 
has no identifiable lumen, and its lumen diameter is described as 
<0.1 mm. In practice, if a lumen is seen then this means a dilated 
duct. One route for cancer spread into the seminal vesicles is along 
the ejaculatory ducts; however, duct infiltration per se is rarely 
identified on US. 


Normal TRUS appearances 

• In the young man, with a non-enlarged gland, zonal differentiation 
may be difficult. 

• The peripheral zone is the most hyperechoic. 

• Normal gland volume is <25 mL. 

• Appearances change with enlargement - the peripheral zone may 
become even more hyperechoic and thin. 

• Usually the central zone is not identifiable as separate, but its 
position can be determined by the presence of the ejaculatory 
ducts. 

• The prostate capsule, though identifiable on US, is not a true 
capsule. 

• Vascularity on colour Doppler imaging is symmetrical, with 
peripheral and peri-urethral flow, and no/low parenchymal flow. 

• The non-dilated ejaculatory duct has no identifiable lumen. 

• The seminal vesicles may appear distended due to normal 
physiological storage. 




Figure 30.6 A: Normal prostate vascularity on colour Doppler ultrasound, with strong signals in the capsular and peri-urethral vessels but 
no substantial focal parenchymal or intra-prostatic flow. In comparison, B shows increased focal flow from the right inner gland. There is 
no focal nodule in this area on the greyscale image, but this area should be targeted during biopsy, especially in those with previous 
negative biopsies. 







Acquired abnormalities 



On vascular imaging, normal flow is barely seen in the epithe¬ 
lium, even on high sensitivity settings. Abnormal flows are asym¬ 
metric and involve the lumen and surrounding fat planes and 
infiltrated tissue. However, the diagnostic value of seminal vesicle 
colour Doppler has also not been extensively studied or reported. 


CONGENITAL OR 
DEVELOPMENTAL ANOMALIES 


The prostate gland is absent in hermaphrodites. There are no other 
described congenital or developmental anomalies of the prostate 
gland, but very rarely, the prostate may be hypoplastic, e.g. with 
prune belly syndrome or in those with low testosterone levels or 
retarded sexual development. The seminal vesicles, vasa and/or 
ejaculatory duct may be absent as a combined maldevelopment of 
the Wolffian duct (additionally the bladder trigone and the CZ may 
be deficient with a wide bladder neck). 

These abnormalities are rare but those of the Mullerian duct or, 
more commonly, utricle development are often seen on TRUS (5- 
8.6%), as midline cystic structures. 8 They are round in the axial 
plane and teardrop shaped on longitudinal scanning, and may 
extend above the prostate gland. The majority are incidental find¬ 
ings and may be slightly thick-walled but are always transonic, 
unless after internal bleeding or infection. Small amounts of internal 
debris may be mistaken for wall thickening. If there is doubt, then 
a re-scan in the other lateral position will often clarify. Occasion¬ 
ally they may be calcified and clinical presentations include 



Figure 30.7 Two axial images (A, B) of the seminal vesicles 

and the vas deferens. Note the vesicular appearance of the 
seminal vesicle in image B (arrow). The SV lumen is clearly 
identifiable. This is often seen and in most cases represents normal 
physiological distension or retention. C: A longitudinal image of the 
seminal vesicle as it enters the gland. Note the sharp or acute 
angle of entry with the hyperechoic fat (arrowed - sometimes 
referred to as the Mount Everest sign). The normality of this angle 
should be carefully evaluated. Loss of angle is seen with local 
spread of prostate cancer into the vesicle. 


haematospermia and obstructive infertility. Giant cysts may 
obstruct urinary flow (usually seen in teenagers) and bilateral 
Mullerian cysts may be associated with unilateral renal agenesis. 9 
Tumours of these structures are rarely seen. 

Mullerian cysts (Fig. 30.8) do not communicate with the urethra, 
unlike a persistent prostatic utricle (or 'utricle cyst') which may 
communicate. Persistent utricles, sometimes mega-utricles, are 
often associated with hypospadias or genital anomalies. Seminal 
vesicle cysts are rare. In isolation they are inconsequential, but 
multiple SV cysts are associated with adult polycystic kidney 
disease. 10 

In practice it may be difficult to differentiate Mullerian from 
utricle cysts, but the latter are smaller and do not extend beyond 
the gland. Cyst content, which can be sampled via the transrectal 
route (see below), may be helpful. Mullerian duct cysts should have 
no prostate-specific antigen (PSA) expression. Utricle cyst fluid may 
or may not contain sperm, depending on whether they communi¬ 
cate with the urethra and ejaculatory ducts. 


ACQUIRED ABNORMALITIES 


Benign prostate hyperplasia or 
hypertrophy (BPH) 


After the 40th year, the prostate hypertrophies and above the age 
of 50 years, over 50% will have some degree of BPH. The glandular 
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Figure 30.8 Longitudinal view of a midline cyst (arrow). This 
could represent either a Mullerian remnant cyst or a Utricle cyst. 
There is no reliable way on imaging of distinguishing them apart. 
It is said that Mullerian remnant cysts are more likely to extend 
outside the gland (as in this case). 


and stromal elements both enlarge, particularly in the transition 
zone and the peri-urethral glands. BPH of the PZ or the CZ is less 
common. Hypertrophy may be diffuse or as distinct adenomas, and 
there is also hypertrophy of the peri-urethral muscles. But there is 
no direct relation between size, degree of BPH or adenomas and 
reduced urinary flow or other lower urinary tract symptoms. Men 
with symptomatic BPH can also present with a variety of symp¬ 
toms. Some present with irritative symptoms (frequency, nocturia) 
rather than significantly reduced flow rates. Others may present 
with urgency and stress incontinence, due to secondary detrusor 
overactivity. Thus, the entire symptom complex secondary to pros¬ 
tate gland enlargement is conveniently referred to as lower urinary 
tract symptoms (or LUTS). 

A variety of sonographic abnormalities are seen (Figs 30.9-30.11; 
Table 30.1). The commonest anatomical findings are asymmetric 
enlargement with a deviated urethra and elevated bladder base. 
The earliest sonographic change is heterogeneity of the inner gland 
(Fig. 30.9). Other findings are compression of the PZ (Fig. 30.9), 
which consequently may appear even more hyperechoic, and 
numerous nodules of various sizes and appearances. These nodules, 
or adenomas, will be well defined and if close to the edge, will 
elevate but not infiltrate the capsule. On vascular imaging, there is 
generally no internal flow within the nodules. Some of these appear¬ 
ances unfortunately overlap with those of central gland tumours, 
but the latter are more uniformly hypoechoic, with poorly defined 
edges, and may demonstrate internal vascularity. Occasionally, 


Table 30.1 Common benign prostate pathology - 

TRUS features 

Pathology 

Site 

TRUS features 

Benign prostatic 
hyperplasia (BPH) 

(Note: Correlation between 
TRUS findings of BPH, 
prostate volume and 
outflow obstruction is poor) 

TZ or central gland 

• Gland enlargement - >25 mL 

• Heterogeneous changes in 2/3, homogenous in rest 

• Thinning of the PZ 

• Lobar asymmetry 

• Narrowed, deviated urethra 

• Nodules in the TZ - usually mixed reflectivity with well-defined boundaries 
(unlike malignancy). Peripheral flow on colour Doppler 

• Capsule may bulge, but is always intact 

• Cystic degeneration of nodules 

• Bladder base is elevated (‘median lobe’ may be enlarged) 

Acute or chronic prostatitis 
(Note: Data on many of 
these features is anecdotal 
or not thoroughly 
established. Clinical 
correlation is necessary) 

PZ or TZ/CZ 

Acute: 

• Diffuse or focal hypoechogenicity 

• Focal or generalised increased vascularity 

• Abscess (thick-walled focal hypoechoic/cystic areas of increased vascularity) 
Chronic: 

• Echogenic foci 

• Prominence of the periprostatic venous plexus 

• Thickening of the ‘capsule’ of the gland 

• Calcification, often heavy, of inner gland 

• Mild/Moderate increased flow on colour Doppler (focal or global) 

Obstructive infertility 

Ejaculatory ducts, 
seminal vesicles 

• Dilated EDs and/or SVs 

• ED stricture 

• ED calculi 

• Masses (usually developmental cysts, e.g. Mullerian) obstructing EDs 

• Absent Vasa/EDs 

Retrograde ejaculation 

Ejaculatory ducts, 
bladder neck 

• Open bladder neck or TURP cavity 

• Normal EDs and SVs 

Haematospermia 

EDs, SVs, prostate 

• ED calculi 

• Developmental cysts 

• Prostatitis 

• Prostate cancer 
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Acquired abnormalities 



Figure 30.9 Benign prostate hyperplasia. A and B: Axial scans of patients with BPH. Note the heterogeneous echotexture of the inner 
gland (arrow) representing BPH affecting the transition zone. Note also how the naturally hyperechoic quality of the peripheral zone is 
further accentuated by compression due to inner gland enlargement. An extreme example of this is seen in B (arrow points to the 
compressed PZ). 



Figure 30.10 Benign prostate hyperplasia. A: This image demonstrates many of the typical anatomical findings of a gland with BPH. 
The star indicates asymmetrical enlargement, with a disproportionately larger left lobe. The arrowheads point to a deviated prostatic urethra 
and the thin arrow to the elevated bladder base. The size has been measured (bottom left of image). Note also that the entire peripheral 
zone is hypoechoic, which proved to be malignant on biopsy. B: This gland is nominally of normal size (25 mL) but BPH has resulted in 
disproportionate enlargement of the ‘median lobe’ (arrow), which is protruding into the bladder 


adenomas can be seen in the PZ, again distinguished by a well- 
defined edge, mixed echogenicity and peripheral flow. 

TRUS has not been proven to add much useful information in the 
evaluation of the patient presenting with suspected BPH, reduced 
flow rates or LUTS, apart from prostate sizing. Recent data suggest 
that there is a link between size and eventual bladder retention, and 
need for surgery. Another use for size estimation is that glands 
>100 mL may be better treated by retropubic prostatectomy, rather 
than transurethral resection. TRUS is also not of proven value in 
the follow-up of the patient on conservative or pharmacological 
management of known BPH. 5-Alpha reductase agents can decrease 
the gland size by up to 25%, but repeated TRUS for size estimation 
does not directly influence management. Rarely, TRUS may provide 
useful diagnostic information. Occasionally, an obstructing cyst at 
the bladder neck may be seen. Such cysts can be aspirated under 


TRUS guidance to relieve obstructive symptoms but the benefit is 
temporary. 

The value of TRUS for evaluating recurrent outflow obstruction 
has also not been proven. On scanning, regrowth and restriction of 
the bladder neck may be seen, but does not influence management 
as much as urinary flowmetry and post-void residues. TRUS also 
tends to underestimate the size of the cavity after transurethral 
resection of the prostate (TURP), unless examined with a moder¬ 
ately full bladder. A good cavity is 1-2 cm in diameter and extends 
towards the apex of the gland (Fig. 30.12). Compromised cavities 
occur because of inadequate resection, when TRUS will show a tiny 
cavity or none at all, and bladder neck stricture will show a mid¬ 
prostatic cavity with a closed echogenic bladder neck. In recurrent 
hyperplasia, an adenoma may be seen reducing the TURP cavity 
(Fig. 30.13). 
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Figure 30.11 Prostate gland with background BPH. A: Cystic changes are present anteriorly (arrow). These are believed to represent 
degenerative adenomas rather than obstructed ducts or gland structures. B: Bilateral hyperechoic nodules in the inner gland, consistent 
with adenomas (arrows), and a solitary hypoechoic adenoma in the left lobe (short arrow). 



Figure 30.12 An example of a good transurethral resection 
cavity. However, there is no clear correlation between the size of 
the cavity and the recurrence of poor urinary flow. 



Figure 30.13 Longitudinal TRUS view showing regrowth of 
benign prostate hyperplasia, with a prominent adenoma (arrow) 
protruding into the TURP cavity. 



Figure 30.14 Axial images showing focal prostatitis. On the 

left-hand image, there is a large echo-poor area affecting the right 
inner gland (arrow), and to a lesser extent the left inner gland (thin 
arrow). The larger area is shown to be of increased vascularity on 
colour Doppler ultrasound in the second image. The appearances 
are consistent with acute prostatitis, with early abscess formation. 



Figure 30.15 Axial images showing bilateral inner gland 
cavities, representing abscesses. The second image (right hand) 
was taken after TRUS-guided aspiration of the abscess in the 
left lobe. 


Prostatitis 


The clinical, pathological and sonographic features of prostatitis 
vary widely (Table 30.1). Acute prostatitis is uncommon but can 
occur in the young man, and is due to infection by the usual urinary 
tract organisms. Systemic signs of infection are present, and the 
prostate gland is tender on rectal examination. On TRUS, the gland 
may show increased generalised or focal vascularity (Fig. 30.14). 
The gland is of focal or generalised decreased echogenicity and the 
capsule is thick or ill defined. 11 An abscess may be seen as focal 
cystic degeneration (Fig. 30.15), with a thick capsule and/or air, 12 
and may be drained by TRUS-guided aspiration (see below). 
However, the gland may also be entirely unremarkable. 
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Figure 30.16 Axial image of one of the described 
appearances of chronic prostatitis, with heavy inner gland 
calcification. 



Figure 30.17 An axial TRUS image showing the typical 
sonographic appearances of granulomatous prostatitis, 

with a discrete hypoechoic (or mixed echoic) nodule located in the 
peripheral zone (arrow). This elevates, but does not penetrate 
through the capsule. The vascularity is either normal or mildly 
elevated. Similar appearances may be seen with malignancy or a 
BPH nodule. 


Chronic prostatitis is more common. The cause is still unknown, 
but thought to be non-bacterial. Symptoms are vague and persistent 
perineal discomfort is commonest. Reduced urinary flow and 
incomplete emptying may also feature. On TRUS, the signs are as 
non-specific as the symptoms - distension of the periprostatic veins, 
dystrophic inner gland (Fig. 30.16) and peri-urethral calcification or 
hyperechoic thickening of the capsule have all been described. 2 But 
their specificity is limited and findings need to be correlated with 
the clinical picture and biochemistry of prostate secretions after 
massage. Although midline cysts are often seen, presumed to be 
utricle cysts, their relationship with recurrent prostatitis is not 
established. This merits study as utricle cysts can communicate 
with the urethra. 

Less common causes of prostatitis are eosinophilic prostatitis or 
granulomatous infections. Most granulomatous infections are idi¬ 
opathic but tuberculosis (TB), either infective or the result of BCG 
instillation to treat bladder transitional cell carcinoma, may be a 
cause. On TRUS, a TB gland may be of diffusely decreased echo¬ 
genicity or characteristically a mixed echotexture nodule may 
be seen in the peripheral zone. Caseating nodules are rarely 
seen. Other non-infective causes of prostatitis are sarcoidosis and 
Wegener's granulomatosis. Their appearances are non-specific. 

A separate entity, granulomatous prostatitis, 13 has more distinct 
clinical and ultrasound features. Typically, a nodule can be pal¬ 
pated in the posterior gland, and on ultrasound a bulging nodule 
of mixed echotexture is seen (Fig. 30.17). Crucially, the capsule and 


Table 30.2 Cysts of the prostate gland and associated 

structures 

Developmental 

1. Mullerian remnant cysts - midline, usually extend above 
the gland. Can be large. No sperm. No communication with 
urethra 

2. Utricle ‘cysts’ - midline, at the level of the verumontanum, 
intra-glandular. Usually less than 1 cm. Rarely may contain 
sperm. May communicate with urethra 

Acquired 

1. Duct ectasia - mild distension of normal ducts. Very 
common 

2. Ejaculatory duct cysts - just lateral to midline. Post 
inflammation or TURP. Contain sperm or calculi with seminal 
vesicle dilatation 

3. Cystic degeneration of BPH nodules - commonest cysts. 
In transition zone 

4. Retention cysts - due to dilatation of gland acini. May 
cause obstruction if located close to the bladder neck (‘ball 
valve’ obstruction) 

5. ‘Cavitary prostatitis’ - rare, due to prolonged inflammation. 
Multiple cysts 

6. Abscess - post prostatitis, commoner in diabetics and after 
bladder catheterisation. Thick-walled and septated 

7. Cystic prostate cancer (very rare) 


Benign prostate diseases 

• The sonographic features of prostatitis are non-specific 
(distension of periprostatic veins, dystrophic inner gland, focal 
calcification). 

• Focal or diffusely low echogenicity, increased vascularity and/or 
an abscess may be seen with acute prostatitis. 

• Granulomatous prostatitis is a very close sonographic mimic of 
prostate cancer. 

• Benign prostate hyperplasia commences in the transition zone 
and the peri-urethral glands. 

• Adenomas due to BPH are generally of mixed echogenicity, but 
with a well-defined edge and peripheral vascularity. 

• Cystic lesions are rarely malignant. 


the periprostatic fat planes are intact and the nodule is well defined 
- thus similar to a BPH nodule occurring in the PZ, except it can 
exhibit increased internal vascularity, like cancerous nodules. Occa¬ 
sionally the nodule is hypoechoic and entirely indistinguishable 
from prostate cancer. Its close clinical and sonographic resemblance 
to prostate cancer is the major importance of this enigmatic form of 
prostatitis. They can also be persistent. 

Cysts of the prostate gland and 
associated structures 


The vast majority are benign 8 and have characteristic locations 
(Table 30.2). The commonest is a utricle cyst (Fig. 30.18A). These 
have been dealt with above (under congenital or developmental 
anomalies), as have Mullerian remnant and seminal vesicle cysts. 
In the older man, cystic areas usually represent areas of degenera¬ 
tion within BPH nodules. More diffuse, smaller cysts can be seen 
with ductal ectasia (Fig. 30.18B) and abscesses can be cystic masses. 
Cystic prostate cancers (Fig. 30.18C) are very rare. Histologically 
they are indistinguishable from common prostate cancers. Although 


583 










CHAPTER 30 • The prostate and seminal vesicles 





Figure 30.18 Cysts. A: Axial and longitudinal images of a typical utricle cyst (arrow). Note its midline position, good definition, and 
transonic nature. It is entirely intra-prostatic and of teardrop shape on the longitudinal image. B: Axial image showing normal ductal ectasia 
of the peripheral zone (arrow). This has no clinical significance. C: An example of a cystic prostate carcinoma. These are rare. 



Figure 30.19 A minimally dilated ejaculatory duct (arrow). 
Normal ducts have no identifiable lumen (note that this sagittal 
image is inverted, with the seminal vesicles on the right side of 
the image). 


mucinous prostate cancers can occur, their TRUS appearances are 
said to be non-specific. Nevertheless, it is best to assume that semi¬ 
solid cysts in the PZ are possible neoplasms, unless proven other¬ 
wise, although other nodules of the PZ, e.g. BPH or granulomatous 
prostatitis, can also be cystic. 

TRUS and evaluation of male infertility 


Routine imaging is not useful, but TRUS may provide valuable 
information in men (Table 30.1) with reduced or an unrecordable 
sperm count. 14,15 Ejaculatory duct obstruction is suggested by dilata¬ 
tion of the ducts (normal ducts have no identifiable lumen - Fig. 
30.19) and/or seminal vesicles. Mild vesicular distension can be 
seen with normal physiological storage (Fig. 30.20) and can be 



Figure 30.20 Mild seminal vesicle distension (arrow) (note how 
the lumen of the right seminal vesicle is clearly visualised) can be a 
normal finding (unlike the ejaculatory duct - see Fig. 30.19). This 
can be confirmed as normal physiological storage by repeat 
scanning following ejaculation. 


identified by repeat scanning after ejaculation. True obstruction 
may be due to calculi in the ducts (Fig. 30.21), with or without duct 
stricturing. Occasionally a large Mullerian remnant or utricle cyst 
may obstruct the ducts (Fig. 30.22); or the seminal vesicles, vasa and 
ejaculatory ducts may all be absent as part of a generalised malde- 
velopment of the embryological Wolffian duct. The commonest 
cause of retrograde ejaculation is post TURP, but a rarer cause is 
dyssynergia of the external sphincter. 

TRUS and haematospermia 


An isolated episode of haematospermia is very common, and a 
cause is seldom identified, even after extensive investigation. Such 








Acquired abnormalities: malignant 



Figure 30.21 Midline axial and longitudinal images showing a 
calculus in the left ejaculatory duct (arrow). 



Figure 30.22 Two midline axial images through the base of 
the prostate gland, showing that both ejaculatory ducts are 
dilated (arrows) secondary to a midline cyst (arrowhead) which 
could be either a Mullerian remnant cyst or a utricle cyst. 


cases do not merit TRUS evaluation. However, repeated episodes 
should be examined; causes include ejaculatory duct calculi (Fig. 

30.23) or bleeding into a Mullerian remnant or utricle cyst (Fig. 

30.24) . 16 Other causes that may be identified are prostatitis or other 
inflammatory causes, but cancer, of the gland, SVs or EDs, is an 
extremely uncommon cause; in which case, the tumour is obvious 
and hypoechoic. 



Figure 30.23 Diffuse calcification (arrow) involving the 
ejaculatory duct in a man with haematospermia (note that the 
seminal vesicles are on the right-hand side of the image). 



ACQUIRED ABNORMALITIES: MALIGNANT 


Figure 30.24 Haematospermia. A longitudinal image showing a 
Mullerian remnant cyst that has bled internally (arrow). The patient 
has a urethral catheter in place (balloon of catheter - arrowhead). 


Carcinoma of prostate 


TRUS diagnosis of prostate cancer 

Now the commonest non-cutaneous male cancer over 80% originate 
in the peripheral zone. 3 The remainder arise in the central/transi¬ 
tion zone or are anteriorly infiltrating peripheral zone cancers. As 
the peripheral zone is the most homogeneous of the zones, even in 
the presence of marked hyperplasia, most cancers should be easily 
visible. Yet this is not so. Although highly variable appearances 
have been described (illustrated in Fig. 30.25, and also see Figs 30.26 
and 30.27), 4 ranging from hypoechoic to hyperechoic, in modern 
practice most cancers are isoechoic or barely visible; a reflection of 
the downward stage migration of prostate cancer at presentation. 
Table 30.3 illustrates the various types and locations of abnormality 
that may be seen with prostate cancer, and their diagnostic 
reliability. 

Often the abnormality is subtle, and careful examination is 
important. The posterolateral 'horns', apices and the base of the 
gland close to the seminal vesicles are areas of higher cancer inci¬ 
dence and also relative 'blind' areas; they should be scrutinised in 
multiple orientations and the two sides compared. Even then, 
described abnormalities are not specific enough as inflammation, 
hyperplasia, prostatic intra-epithelial neoplasia and necrosis can all 
look similar. 2,4 


Study of gland vascularity improves the specificity - by about 
5-10%, 17 and this performance is only slightly further improved by 
the use of power (or colour energy) Doppler or the use of ultra¬ 
sound contrast media. 7 Three general flow patterns have been 
described (Fig. 30.25) - focal flow, increased flow around a nodule 
or asymmetric flow with increased number and size of vessels on 
the side harbouring tumour. When seen in association with a hyp¬ 
oechoic nodule, all three are highly suggestive of cancer; but in the 
more difficult area of isoechoic tumour, flow is disappointingly 
often normal or unhelpful. Simple 3D TRUS systems and elastog- 
raphy are now becoming available, but their value is unproven. In 
current practice, TRUS is accurate if the described changes are seen 
in the presence of a significantly elevated prostate-specific antigen 
(PSA) level, but not accurate for confident exclusion of prostate 
cancer in those with mildly elevated PSA (especially if <10 ng/mL). 
Prostate biopsy (covered below) is necessary to confirm suspected 
malignancy or to confidently exclude low-volume or isoechoic 
cancer in all patients with clinical suspicion of tumour. 

Staging of prostate cancer 

As most tumours in contemporary practice are isoechoic, staging 
by TRUS is only applicable in the minority with visible cancers 
(Table 30.3). Tumour volume - T2 staging - is inaccurately assessed 
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Figure 30.25 Prostate cancer. A: A diffuse mixed echotexture abnormality (arrow) affecting the right peripheral zone that proved to be a 
Gleason 3+3 cancer on biopsy. B: A well-defined hypoechoic abnormality in the midline peripheral zone of mildly increased vascularity 
(arrow), extending into the left inner gland. This proved to be a Gleason 3+3 cancer on biopsy. C: The arrow points to a mixed echotexture 
nodule in the right inner gland, extending into the periprostatic fat, and of increased vascularity. This proved to be Gleason 4+4 tumour on 
biopsy. D: Note the asymmetry and enlargement of the right lobes. The differentiation between the right peripheral zone and inner gland is 
lost (outlined by arrows). This area is also of increased vascularity. This proved to be a Gleason 5+5 tumour on biopsy. E: A subtle cancer 


located in the left peripheral zone (arrow), but of increased vascularity, 
tumour of mixed echogenicity located in the right peripheral zone. 


on TRUS, but bilateral nodules imply stage T2C disease. Regarding 
T3/4 staging, 2,4,18 the areas of the prostate gland where local inva¬ 
sion is more likely are the neurovascular bundles, the seminal vesi¬ 
cles (Figs 30.26, 30.27), the ejaculatory ducts, the apex of the gland 
and the prostate capsule, immediately adjacent to the tumour. All 
are areas of relative weakness of the prostate capsule, where struc¬ 
tures pierce through the capsule, which is consequently thin or 
deficient. 


This proved to be a Gleason 3+3 tumour on biopsy. F: A large 


Extracapsular extension (ECE) - T3A disease - is best seen on 
axial scans. Early ECE is seen as an irregular hypoechoic bulge of 
the capsule, but a long line of contact is a surrogate indicator of a 
high likelihood of local invasion. If tumour is seen to extend into 
the periprostatic fat, then advanced ECE is diagnosed. Neurovas¬ 
cular bundle involvement will create an asymmetry of these struc¬ 
tures, best appreciated on axial views. The sign of seminal vesicle 
involvement - T3B disease - is loss of the acute angle between the 












TRUS-guided intervention 



Figure 30.26 A locally advanced prostate cancer. On the 

left-hand image the hypoechoic tumour (arrows) is seen to involve 
both peripheral zones and on the right-hand (longitudinal) image the 
hypoechoic change extends into the seminal vesicle (arrow). This is 
therefore a T3b tumour. 


Prostate cancer 

• The commonest non-cutaneous cancer in males. 

• Over 80% originate in the peripheral zone. 

• In modern practice the majority of cancers are isoechoic. 

• The commonest sonographic sign is a hypoechoic nodule or 
region in the peripheral zone with internal vascularity. 

• Colour Doppler imaging further improves specificity by about 10% 
when compared to greyscale TRUS. 

• Staging by TRUS is only 56-86% accurate. 

• Current practice favours 10- or 12-core biopsy pattern. 



Figure 30.27 Prostate cancer. Note that the fat plane between 
the prostate gland and the rectal wall (arrowhead) is lost adjacent 
to the tumour in the right peripheral zone (arrow). This is therefore a 
T3a tumour. 


diffusely hypoechoic to a mixed echo pattern, with or without a 
prominent 'capsule'. The value of colour Doppler has not been 
established (Fig. 30.28). After prostatectomy, findings depend on 
the level of the PSA or the rate of rise of the PSA (the PSA velocity). 
High levels and velocity are more indicative of metastatic disease, 
but a slow rise is seen in those with local prostate bed recurrence. 
In the latter case, hypoechoic nodular areas (Fig. 30.29) in the pros¬ 
tate bed, of increased flow, may be seen; however, fibrosis can look 
similar and biopsy confirmation is necessary. 

Prostate ablation, by high-frequency ultrasound or cryotherapy, 
leaves a large cavity, which is markedly stiff and fibrotic but avas¬ 
cular on colour Doppler US. Residual tumour can be difficult to 
identify, and biopsy is required. 


UNUSUAL TRUS ABNORMALITIES 

Other rare prostate abnormalities may be seen (Fig. 30.30) and their 
sonographic findings are described in Table 30.4. 


vesicle and the prostate base in the longitudinal plane. Extension 
interiorly from the gland apex into the membranous urethra -T4 
disease - is very difficult to recognise; but tumour reaching up to 
the levator muscles - also T4 disease - can be recognised. Enlarged 
nodes are seldom seen as the focal length of TRUS is restricted. For 
this pelvic US is better, and MRI or CT best. 

The accuracy of TRUS in local staging is only modest. Reported 
sensitivity, specificity and accuracy ranges are 50-92%, 46-91% and 
58-86% respectively for ECE. For seminal vesicle involvement the 
sensitivity is 22-60%, specificity about 88% and accuracy 78%; but 
it should be understood that these are historical figures and modern 
TRUS staging may perform more poorly still, as contemporary 
cancers are isoechoic. Colour Doppler is not of proven value and 
for non-invasive staging magnetic resonance imaging is most accu¬ 
rate, and a sensitivity of 91% and specificity of 96% for MRI with 
spectroscopy have been reported, 19 although modern studies report 
lower figures of 78% and 88% respectively. 20 

Clinical outcome of prostate cancer is also dependent on the 
histological score (the Gleason score) and this is determined from 
the prostate biopsies; and further, less specific, measures of clinical 
outcome include the number of prostate biopsies that reveal cancer, 
the percentage of the core length involved by cancer and whether 
biopsies from both lobes were positive. 

Follow-up of prostate cancer or assessment 
of suspected recurrent tumour 

TRUS is of limited value 2 and cannot replace PSA estimation for 
disease monitoring. After radiotherapy, the gland can vary from 


TRUS-GUIDED INTERVENTION 


Prostate biopsy 


Principles of prostate biopsy 

Uniquely among image-guided biopsies, prostate biopsy is not 
(generally) lesion directed. As discussed, most prostate cancers in 
contemporary practice are isoechoic or diagnostically non-specific. 
Being invisible, targeted biopsies are naturally not feasible. So pros¬ 
tate biopsy is a sampling technique, 21 but sampling is systematic, 
not random, and biopsies are targeted onto the portion of the pros¬ 
tate most likely to harbour cancer - i.e. the peripheral zone. 

Modern probe biopsy is via the transrectal route and the transper- 
ineal route is reserved for brachytherapy implantation or template- 
based biopsy techniques. The advantage of the transrectal route is 
its convenience, but there is a higher risk of infection and per-rectal 
bleeding - range of 0-4% and 1.3-58% respectively in pooled data. 22 
Thus antibiotic prophylaxis is necessary; the agent of choice varies 
but a 5-quinolone is most often used, e.g. ciprofloxacin. The comfort 
level of the procedure has also been improved by the use of local 
anaesthesia. 23 

The number of biopsies necessary to confidently exclude clini¬ 
cally significant prostate cancer undergoes constant change. 21 This 
reflects the changing demographics of tumours at presentation. 
Early stage tumours are smaller in volume and naturally only iden¬ 
tifiable by wider sampling. Six cores, targeted onto the peripheral 
zone, was the historical practice standard, but as this missed many 
cancers (19-31%) 10 or 12 cores are now recommended in the UK 24 
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Table 30.3 Prostate cancer - illustration of the various features described on transrectal ultrasound (figure modified from 
Patel U, Rickards D, Handbook of Transrectal Ultrasound and Biopsy of the Prostate, Martin Dunitz, 2002) 

Prostate cancer Site TRUS features 


Diagnosis 


There is a correlation between PSA level PZ - 75% 

and sono-visibility. Below 10 ng/mL less TZ/CZ - 25% 

than 30% are seen, but this rises to >75% 
if PSA level is >20 ng/mL. In modern 
practice most tumours are not visualised 
as the median PSA is <10 ng/mL 


Strongly suggestive: 

• Hypoechoic nodules with indistinct edge in PZ 

• Diffuse hypoechogenicity in PZ 

• Nodule with surrounding altered echogenicity 

• Hypoechoic area in PZ with increased vascularity 
Moderately suggestive: 

• Hyperechoic or isoechoic focal bulge of the PZ 

• Irregular or ill-defined capsule 
Weakly suggestive: 

• Hypoechoic nodule in the inner gland 

• Focal increase in vascularity of an isoechoic area in the PZ 

• Focal increase in vascularity in the inner gland 


Staging 

Accuracy - 50-92% for extracapsular 
extension, 78% for seminal vesicle 
extension; but these are historical figures. 
There are no modern data available, but 
modern accuracy is likely to be poorer 
still, as most cancers diagnosed now are 
early stage, with PSA <10 ng/mL 


Extracapsular extension: 

• Irregular hypoechoic bulge of capsule 

• Infiltration into periprostatic fat 
Neurovascular bundle: 

• Asymmetry 

• Enlargement 

Seminal vesicle (SV) involvement: 

• Loss of angle between SV and base of gland 

• Enlargement of SV 
High Gleason grade: 

• High flow on Doppler US may signify higher Gleason grades 


Common locations of cancer 





| | AFS = Anterior 

]] TZ = Transition zone 

fibromuscular stroma 

| CZ = Central zone 

| Cancer 

| PZ = Peripheral zone 


TRUS appearances suspicious for cancer 


Focal nodulei 
increased vascularity 
isurrounding 
hypoechoic area 


Hypoechoic nodule 
with elevated capsule 



Focal — 1 Irregular or 

elevation ill-defined 

of capsule capsule 


Focal area 
of increased 
vascularity 


Diffuse hypoechoic 
area 
















TRUS-guided intervention 



Figure 30.28 An example of recurrent tumour post 
radiotherapy. The appearances of the gland after radiotherapy 
(or brachytherapy) are highly variable but normally uniform be it 
hypoechoic or isoechoic and symmetrical. Residual tumour can only 
be identified on biopsy. This example shows clear asymmetry of 
appearances, with hypoechoic change in the left lobe with mildly 
increased vascularity. Recurrent tumour was confirmed on biopsy. 



Figure 30.29 Longitudinal view of a recurrent tumour, seen as 
a hypoechoic nodule (arrow), after radical prostatectomy. These 
appearances are non-specific and postoperative fibrosis can look 
the same. If increased vascularity is seen then tumour is more likely. 


Table 30.4 Unusual abnormalities of the prostate gland 



TRUS findings 

Tuberculosis 

May be 
secondary to 
intravesical BCG 
for treatment of 
bladder cancer 

Like prostatitis 

Sarcoidosis 


Non-specific 

Infarction 

Particularly after 

Hypoechoic 


catheterisation 

nodules 

Lymphoma 

Usually 

Large hypoechoic 


non-Hodgkin’s 

masses 
throughout the 
gland with 
periprostatic 
infiltration 

Leukaemia 


Non-specific 

Metastasis 

Lung, melanoma 

Non-specific 

Comedocarcinoma 


Hypoechoic 
nodules with 
multiple small 
hyperechoic foci 

Primitive 


Multilobulated, 

neuroectodermal 

tumour 


multinodular 

Cystic adenoid 


Normal or 

carcinoma 


hypoechoic 

nodule 

Sarcoma 


Huge 

heterogeneous 
mass between 
bladder and 
rectum 

Solitary fibrous 


Hypoechoic 

tumour 


nodule 

Rhabdomyosarcoma 


Isoechoic 

Other rare cancers 


Non-specific 


Note: the data on many of these are sparse. Usually merely a few case 
reports. 



Figure 30.30 A large hypoechoic nodule (arrow) located in the 
right peripheral zone. This was due to tuberculosis. 


Preparation and equipment necessary for transrectal ultrasound- 

guided prostate biopsy 

• Stop warfarin till INR <1.3. Stop clopidogrel for 10 days. Data 
show that aspirin may be continued safely, but many practitioners 
stop for 7 days prior the biopsy. Commence antibiotics at least 
one hour before biopsy. 

• Biopsy attachment. Either a disposable unit or a reusable 
metal guide. 

• 15-20 cm long, 22G spinal needle, 10 ml_ syringe and 1% plain 
lidocaine for local anaesthesia. 

• Fresh 18G biopsy needle, with biopsy ‘gun’ or device. Needle 
length longer than the length of the biopsy guide. Seminal vesicle 
biopsies are easier with a 20 cm long needle. Core length of the 
needle ‘notch’ should be 1.5-2.0 cm, but seminal vesicle biopsy 
requires a shorter core length of 1 cm. 

• Separate pots with formalin-saline solution for each core so the 
anatomical position of the tumour is known. 

• A small pot of sterile saline to swizzle and clean the needle tip of 
formalin between biopsies. 
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Figure 30.31 The principles behind prostate biopsy (or more accurately prostate gland sampling) and the method of prostate 
anaesthesia. The first row (A) illustrates the various biopsy schemes used, in the coronal plane. The first is the classical sextant pattern. 
This misses about 25% of cancers. The next three schemes illustrate the octant, 10-core and 12-core regimes respectively. In current 
practice the 10- or 12-core regime is favoured, but this may change in the future with further down-migration of prostate cancer at 
presentation. 

Prostate biopsy is a systematic sampling technique, and this is further emphasised in the second row (B) showing that cores are 
preferentially targeted onto the peripheral zone as most cancers arise here. Note how the needle trajectories have been aimed 
anterolaterally to maximise peripheral zone sampling. 

The last row (C) illustrates the various methods for anaesthetising the gland. In (1) the needle is advanced to just outside the apex and 
the local anaesthetic injected to create a pool around it. In (2) the injection has been made into Denonvillier’s fascia, just beyond the rectal 
wall. In the last example (3), the local anaesthetic has been introduced around the neurovascular bundle, between the base of the gland 
and the seminal vesicle. Any of these three sites can be used, as none is of proven superiority, but both sides should be injected for 
maximum effect. Injection directly into the gland is of no benefit. (Note that image C is inverted, with the apex of the gland on the left-hand 
side, as this is the orientation used during TRUS-guided interventions on most machines.) 


- but there are no firm recommendations by other national bodies 

- though some have made a case for 14-18, or more. 21 Figure 30.31 
illustrates the principles of targeting and summarises the 
technique. 

In a minority, in spite of repeated negative 12-core biopsies, there 
continues to be a suspicion of an undisclosed cancer, e.g. rising PSA 
levels. In this case saturation biopsy can be carried out. 25 The defini¬ 
tion of saturation is subjective, but most agree that at least 24 (and 
up to 40) cores should be taken and that the entire gland, both inner 
and outer portions, should be sampled. This can be carried out via 
the transrectal route, or more precisely by transperineal needle 


puncture using a template, 26 under sedation or general anaesthesia. 
The relative safety of both methods has been described, but either 
method is associated with a significant risk of temporary outflow 
obstruction (5-10%), which may require bladder catheterisation for 
a few days. 

Biopsy of the post-prostatectomy bed 

After total prostatectomy the PSA level should be near undetecta¬ 
ble. If not, or if the PSA later starts rising, there is the possibility of 
residual prostate cancer. This is more likely if there were positive 
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Figure 30.32 Normal appearance of the prostate bed post 
radical prostatectomy. The anastomosis is shown between the 
arrowheads. Note the overall symmetrical appearance, of a mixed 
echotexture. Hypoechoic areas could represent either recurrent 
tumour or fibrosis. Only biopsy can confidently differentiate. 

(B, bladder; U, urethra; R, rectal wall.) 



Figure 30.33 Needle targeting when the prostate bed is biopsied following radical prostatectomy. 


Pubic bones 


surgical margins post-prostatectomy - which occurs in 10-40% of 
cases, depending on surgical expertise and patient selection. If 
appropriate investigations (bone scan and CT/MRI) are negative 
for occult metastatic disease, residual/recurrent disease at the anas¬ 
tomosis needs to be excluded. 

On TRUS, the anastomosis and its surrounding tissues are nor¬ 
mally symmetric and of mixed echotexture (Fig. 30.32), represent¬ 
ing postoperative fibrosis and normal tissues. Recurrent tumour is 
more likely to be hypoechoic and of (mildly) increased vascular¬ 
ity. 2,25 The seminal vesicle beds should also be examined, as this 
may be the site of residual cancer in some cases, especially in those 
with basal positive margins. In either case biopsy confirmation may 
be necessary. This is easily carried out under TRUS guidance (Fig. 
30.33). 27 Local anaesthetic can be used and is effective, but injection 
may be difficult because of the fibrosis. Also, this may lead to tem¬ 
porary loss of bladder control as the external sphincter may become 
anaesthetised. The bladder should be emptied before biopsy. There 
are few data regarding complications, but these are believed to be 
no greater than after conventional prostate biopsy and antibiotics 
should be given. At least two cores, but ideally four, should be 
taken, one from either side and just above the anastomosis. 

Drainage of prostate abscess, cyst or 
seminal vesicles 


Prostate abscesses are generally treated with antibiotics, but drain¬ 
age should be considered if clinical response is poor. In such a case 
simple TRUS-guided needle aspiration can be performed. Occa¬ 
sionally, cyst drainage of utricle or Mullerian remnants may be 
performed to sample contents. Although the transrectal route is 


simplest and can be carried out safely, the transperineal route will 
reduce the risk of introduced infection or contamination. 

Injection of seminal vesicles or ejaculatory ducts with iodinated 
contrast under combined TRUS/fluoroscopic guidance is an elegant 
method for confirming obstructive infertility, or to show communi¬ 
cation between a utricle cyst and the urethra. 28 
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INTRODUCTION 


Despite the widespread use of more sophisticated imaging tech¬ 
niques, delineation of the contents of the scrotum remains firmly 
within the domain of ultrasound. As a consequence, ultrasound is 
recognised as the first-line and often only imaging modality 
employed in the assessment of scrotal abnormalities. The superficial 
nature of the scrotal sac and contents lends itself to thorough and 
accurate imaging with ultrasound. Technical advances in trans¬ 
ducer design and image processing have further improved ultra¬ 
sound diagnosis of diseases of the scrotal contents, with colour 
Doppler adding important information. This chapter will deal 
with aspects related to the testis and epididymis, detailing both 
normal ultrasound features and those features related to disease 
processes. 


ULTRASOUND EXAMINATION TECHNIQUE 

Examination should take place in a private setting in the presence 
of a chaperone, with the assessor using a gloved hand for the exami¬ 
nation. The ultrasound gel should be warm with ample amounts 
applied (artefact from scrotal hair is a common problem). The 
scrotal sac may be held in a steady position by placing a towel 


beneath the sac and stabilised by the patient crossing his ankles. 
The penis is held against the anterior abdominal wall by the patient 
and covered with a towel. A high-frequency linear array probe 
(7-12 MHz) should be used, with sensitive colour and spectral 
Doppler capabilities. Usually the probe length (>5 cm) should allow 
accurate longitudinal length measurements of the testis. Initially 
both testes are examined in the transverse plane, in order to produce 
the 'spectacle' view to allow comparison of testicular parenchyma 
features; important if a unilateral global testicular problem is sus¬ 
pected (Fig. 31.1). The examination of the entire scrotal sac should 
include both the transverse and longitudinal planes, documenting 
any abnormalities present. Testicular volume may be calculated 
and colour Doppler ultrasound will confirm vascular supply. If the 
ultrasound examination fails to detect a 'lump' as felt by the patient, 
the patient should palpate the lesion and hold this between two 
fingers to be re-examined with ultrasound. 


ANATOMY 


Embryology 


Over the seventh month of fetal development the testes descend 
into the scrotal sac. A dense layer of fibrous connective tissue, the 
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Figure 31.1 Normal testis. A transverse view through both the 
testes, the ‘spectacle view’ allows comparison of the reflectivity of 
the two testes, normal in this patient. A spectacle view is of 
particular importance in infiltrative lymphoma and leukaemia. 


tunica albuginea, forms a capsule that covers the testis. The testis 
is then further covered by a reflected fold of the processus vaginalis 
that becomes the visceral layer of the tunica vaginalis, with the 
remainder of the peritoneal sac forming the parietal layer of the 
tunica vaginalis. The visceral layer of the tunica vaginalis covers 
the testes and the epididymis, whereas the parietal reflection covers 
the anterior and lateral parts of the testes and the epididymis 
leaving a 'bare area' to which the mesentery of the testis is attached; 
this is important in understanding the 'bell-clapper' deformity and 
spermatic cord torsion. A reflection of the tunica albuginea forms 
the mediastinum testis, within which the rete testis forms. 1 

Scrotal sac and testicular anatomy 


The scrotum is divided into two separate chambers by the median 
raphe, which is continuous with the dartos muscle. The layers of 
the scrotal sac consist of skin, dartos muscle, external spermatic 
fascia, the cremasteric fascia and the internal spermatic fascia (Fig. 
31.2). Beneath this is the parietal layer of the tunica vaginalis. A 
potential space exists between the two layers of the tunica vaginalis 
allowing fluid accumulation. The visceral layer of the tunica vagi¬ 
nalis covers the inelastic tunica albuginea, which gives rise to mul¬ 
tiple thin septations that extend to the mediastinum testis dividing 
the testis into 200-250 lobules containing the seminiferous tubules. 
The seminiferous tubules form the tubuli recti that enter the medi¬ 
astinum as the rete testis, eventually draining into the epididymis 
and then into the vas deferens. The epididymis consists of three 
segments: the head (globus major), the body and the tail (globus 
minor). The head is formed of efferent ductules from the rete testis, 
forming a single convoluted duct, the ductus epididymis, up to 6 
metres in length. The ductus epididymis has a very tortuous route 
from the head to the tail of the epididymis, where it turns around 
to exit into the spermatic cord from the epididymal head. 

Vascular anatomy 


The arterial supply to the scrotal sac and contents arises from 
three sources: the testicular artery (arising from the aorta and sup¬ 
plying the testis), the cremasteric artery (a branch of the inferior 
epigastric artery, supplying the scrotal sac and the coverings of 
the spermatic cord), and the artery to the ductus deferens (arising 
from the superior vesicle artery) (Fig. 31.3). The testicular artery 
branches into the testis, piercing the tunica albuginea in a layer 
termed the tunica vasculosa. These branches course along the 



Figure 31.2 The anatomical layers surrounding the normal 
testis. The blue shaded area between the two layers of the tunica 
vaginalis is the area of fluid accumulation which gives rise to a 
hydrocele (from Sidhu PS, Clinical Radiology 1999; 54:343-352). 
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Figure 31.3 Normal arterial anatomy of the testis (from Sidhu 
PS, Clinical Radiology 1999; 54:343-352). 








































Normal ultrasound appearances of the scrotal sac, testis and epididymis 


septum to converge on the mediastinum and then form recurrent 
rami through the parenchyma. Veins exit the testes at the medi¬ 
astinum and join the veins draining the epididymis to form the 
pampiniform plexus at the superior aspect of the testes. The cre¬ 
masteric plexus (mainly draining extra-testicular blood) lies pos¬ 
terior to the pampiniform plexus. The right testicular vein drains 
directly into the inferior vena cava below the level of the right 
renal vein, whereas the left testicular vein drains into the left 
renal vein (Fig. 31.4). These three arteries and the veins are 
loosely held together by connective tissue along with nerves, 
lymph vessels and the vas deferens in the spermatic cord. 2 The 
spermatic cord runs from the deep inguinal ring into the scrotum. 
There are anastomoses between these arteries; these are not suffi¬ 
cient to prevent testicular ischaemia when the testicular artery is 
compromised. 3 Although it is not possible to identify a named 
artery within the spermatic cord, colour Doppler is able to dem¬ 
onstrate the three individual arteries within it (Fig. 31.5). Despite 
anastomoses existing between the testicular, deferential and cre¬ 
masteric arteries, one of the arteries will consistently show a sig¬ 
nificantly lower resistance index than the other two. 



Figure 31.4 Normal venous drainage of the testis (from Sidhu 
PS, Clinical Radiology 1999; 54:343-352). 


Anatomy 

• Tunica albuginea covers the testis; a reflection forms the 
mediastinum testis. 

• Two layers of tunica vaginalis (visceral and parietal) leave a small 
bare area. 

• Three arteries supply the scrotum: testicular artery, cremasteric 
artery and the artery to the ductus deferens. 

• The pampiniform plexus drains into the testicular vein. 


NORMAL ULTRASOUND APPEARANCES 
OF THE SCROTAL SAC, TESTIS AND 
EPIDIDYMIS 


The scrotal wall appears as three layers: an outer hyper-reflective 
layer, a hypo-reflective intermediate and a hyper-reflective inner 
layer corresponding to the tunica albuginea. The scrotal wall nor¬ 
mally measures 3-7 mm. The testes are homogeneous and of 
medium level reflectivity. At birth the testis measures approxi¬ 
mately 1.5 cm in length and 1.0 cm in width, and before 12 years of 
age the testicular volume is 1-2 mL. In the adult, testicular length 
may be up to 5 cm. Volume measurement is calculated using the 
formula; length x width x height x 0.51 (Fig. 31.6). A total volume 
(both testes) of >30 mL is indicative of normal function. 4 A testicular 
volume >2 mL allows reliable appreciation of intra-testicular colour 
Doppler flow. 5 The mediastinum testis is seen as a highly reflective 
linear structure at the posterior-superior aspect of the testicle, drain¬ 
ing the seminiferous tubules of the testes into the rete testis (Fig. 
31.7). The rete testis is a low reflective area at the hilum of the testis 
with finger-like projections into the parenchyma (Fig. 31.8). 6 Apart 
from these projections, the parenchyma of the testis should remain 
of homogeneous reflectivity. The appendix testis (a vestigial 
remnant of the Mullerian duct) is present in the majority of patients, 
most commonly at the superior testicular pole or in the groove 
between the testis and the head of the epididymis medially. 7 There 
is marked variation in the size and appearance of an appendix 
testis; it is usually oval, although a stalk-like cystic structure (cyst 
of Morgagni) is occasionally seen (Fig. 31.9). 

The epididymis is 6-7 cm in length. The head (globus major) is a 
pyramid-shaped structure lying superior to the upper pole of the 
testis. The body courses along the posterolateral aspect of the testi¬ 
cle. The tail (globus minor) is slightly thicker than the body and can 
be seen as a curved structure at the inferior aspect of the testicle 
where it becomes the proximal portion of the ductus deferens. The 
body and tail are of similar or slightly lower reflectivity when com¬ 
pared with the testis, whilst the head is of slightly higher reflectivity 
(Fig. 31.10). Colour Doppler signal may be identified in the normal 
epididymis. The appendix epididymis is not as frequently seen as 
the appendix testis. It is part of the mesonephric (Wolffian duct), 
and projects from the epididymis from different sites, most com¬ 
monly the head. It usually has a stalk-like appearance. The globus 
major measures 10-12 mm in diameter, the body less than 4 mm 
(average 1-2 mm) in diameter. 

Normal variants and artefacts 


Trans-mediastinal artery 

A large branch of the testicular artery may split off and traverse the 
testis to form capsular branches at the opposite aspect: the trans- 
mediastinal artery. An intra-testicular artery traverses the testis in 
a centrifugal direction in a reported 52% of patients, unilateral in 
half. 8 The artery is readily identified with colour Doppler ultra¬ 
sound, returns a low resistance spectral Doppler waveform and is 
accompanied by the trans-mediastinal vein (Fig. 31.11). 


Ultrasound appearances 

• The normal testis is of medium level, homogeneous reflectivity. 

• The mediastinum testis is a linear, high reflective structure. 

• The ‘spectacle’ transverse view through both testes is essential. 

• The epididymal head is a pyramidal structure; the epididymal 
body is of lower reflectivity. 

• The testicular and epididymal appendices are present at the 
superior aspect. 
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Figure 31.5 Spermatic cord Doppler ultrasound. A: A transverse image through the spermatic cord, demonstrating the testicular vein 
(long arrow) and the three arteries (short arrows) that are present in the spermatic cord: the testicular artery, the cremasteric artery and the 
artery to the ductus deferens. B: Spectral Doppler analysis of one of the arteries in the spermatic cord demonstrates a high resistance 
pattern (resistance index 0.88), implying that this is either the cremasteric artery or the artery to the ductus deferens. C: Spectral Doppler 
analysis of one of the arteries in the spermatic cord demonstrates a low resistance pattern (resistance index 0.73), implying that this is the 
testicular artery. 



Figure 31.6 Testicular volume. Method for measuring testicular 
volume in a normal patient. The right testis measures 5.1 x 3.2 x 
2.2 cm, giving a volume of 18.3 ml_. 



Figure 31.7 Mediastinum testis. The mediastinum testis is seen 
as a highly reflective linear structure at the posterior-superior aspect 
of the testicle (arrows) draining the seminiferous tubules of the 
testes into the rete testis. 
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Figure 31.8 Normal rete testis. The rete testis (RT) is a low 
reflective area at the hilum of the testis with finger-like projections 
into the parenchyma (arrow). 



Figure 31.9 Appendix testis and epididymis. There is marked 
variation in the size and appearance of an appendix testis and 
epididymis (arrows); usually oval, although a stalk-like cystic 
structure is occasionally seen. 


Two-tone testis 

The term 'two-tone' describes the appearances of an artefact within 
the testis where an intra-testicular artery produces acoustic shad¬ 
owing resulting in a discrete uniform area of decreased reflectivity 
posterior to the artery (Fig. 31.12). This artefact is caused by refrac¬ 
tive shadowing at both edges of the intra-testicular artery. The 
reflectivity of the remainder of the testis is normal. The use of colour 
Doppler ultrasound readily confirms the presence of the intra- 
testicular artery as being the source of the artefact. 9 

Rete testis 

The rete testis is located in the mediastinum testis. Microscopically 
the rete testis is composed of three parts: the septal (interlobular) 
portion containing the tubuli recti, the tunical (mediastinal) portion 
consisting of a network of channels, and the extra-testicular rete. 



Figure 31.10 Normal epididymal head. The normal triangular 
shaped epididymal head. The changes in reflectivity of the epididymis 
are demonstrated; the low reflectivity of the body (long arrow) alters 
in the head of the epididymis (short arrow) to a higher reflectivity. 



Figure 31.11 Trans-mediastinal artery and vein. Linear low 
reflective structure traverses the testis (arrow). 



Figure 31.12 ‘Two-tone’ testis. There is a well-demarcated low 
reflective appearance generated through the testis (arrows) which 
does not appear to be related to a pathological cause. 
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Figure 31.13 Rete testis. A florid example of a rete testis, 
with a number of cysts of varying size present adjacent to the 
mediastinum of the testis. 


comprising the irregularly shaped lacunar spaces which connect to 
the efferent ducts. Seminiferous tubules contained within 250 
lobules join the tubuli recti and the efferent ducts drain out into the 
epididymis. On ultrasound, the rete testis has a spectrum of appear¬ 
ances ranging from a faintly visible ill-defined area of decreased 
reflectivity (18% of patients) at the testicular hilum to a coarse 
tubular appearance with finger like projections into the paren¬ 
chyma (Fig. 31.13). 6 


Appendix testis 

A remnant of the paramesonephric and mesonephric ducts may 
remain to form the appendix testis (hydatid of Morgagni) and 
appendix epididymis respectively. Three further appendages, not 
seen on ultrasound, have been identified microscopically: the para¬ 
didymis (appendix of the cord or organ of Giraldes) arising from 
the spermatic cord and the superior and inferior vas aberrans of 
Haler. The appendix testis can measure between 1 and 7 mm in 
length, and may be present in up to 92% of patients, bilateral in 
69%. The appendix testis is usually of similar reflectivity to the head 
of the epididymis, best seen in the presence of a hydrocele, with a 
variable morphology. It is most commonly oval shaped and sessile 
but it may appear 'stalk-like' and pedunculated, cystic or even calci¬ 
fied. 7 The 'stalk-like' and cystic appendices are associated with an 
increased likelihood of appendiceal torsion recognised as a cause 
of acute scrotal pain. The epididymal appendix is less frequently 
seen on ultrasound (6%), has a length of between 3 and 8 mm, is 
more frequently stalked and like the testicular appendix may 
undergo torsion, although less commonly. On occasion both an 
epididymal and testicular appendage may be seen in the same 
patient (Fig. 31.9). 

Polyorchidism 

Polyorchidism (more than two testes) is a rare condition and most 
commonly involves a bifid or duplicated testis with a single epidi¬ 
dymis, with a uniform surrounding tunica albuginea (Fig. 31.14). 10 
It usually presents as a painless mass and occurs more often on the 
left. The supernumerary testes may or may not have reproductive 
potential depending on the attachment to a draining vas deferens 
and epididymis. Type 1 abnormality has reproductive potential and 
type 2 does not. Based on the embryological development poly¬ 
orchidism may be classified into four types: 11 type A: the supernu¬ 
merary testis lacks either an epididymis or vas deferens; type B : the 
supernumerary testis has an epididymis but no vas deferens and 



Figure 31.14 Polyorchidism. A normal testis (long arrow) with a 
normal epididymal head (short arrow) and a further mass, iso- 
reflective to the normal testis (thick short arrow) lying in a superior 
position, representing an extra testicle: polyorchidism. 


the epididymis may be connected to the normal ipsilateral testis 
(type B2) or have no connection (type Bl); type C : the supernumer¬ 
ary testis has a separate epididymis but shares the vas deferens with 
the ipsilateral testes in either a parallel or longitudinal fashion; type 
D: the supernumerary testis may have a completely separate epidi¬ 
dymis and vas deferens and is the least common. 

The ultrasound features are those of a well-defined rounded 
lesion occurring either superior or inferior to the ipsilateral testicle 
with identical reflectivity and colour Doppler signal as the ipsilat¬ 
eral testis. The length of the two ipsilateral testes added together 
equates to the length of the contralateral testicle. Polyorchidism has 
been reported in association with rete testis and microlithiasis. 12 
Various malignancies have been reported in the supernumerary 
testes. Management is conservative unless there are associated com¬ 
plicating features. 


INTRA-TESTICULAR ABNORMALITIES 


Focal lesions: neoplastic lesions 


Testicular carcinoma represents 1% of all neoplasms in men and is 
the most common malignancy in the 15-34-year-old age group. 13 A 
second peak of prevalence occurs in the 71-90-year-old age group, 
with metastasis and lymphoma most common. A third smaller peak 
occurs in children where yolk sac tumours and teratoma occur. 
There has been an unexplained increase in the prevalence of testicu¬ 
lar carcinoma over the past 70 years, and testicular carcinoma is 
predominantly a cancer of white males. The most common present¬ 
ing symptom is a painless scrotal mass; only 10% of patients present 
with pain. A smaller number of patients present with metastases or 
rarely with endocrine abnormalities such as gynaecomastia. Sur¬ 
vival rates for testicular carcinoma approach 95%. 13 

There are well-documented risk factors for the development of 
testicular carcinoma: previous testicular tumour, family history, 
cryptorchidism, infertility and intersex syndromes. There remains 
an increase in risk in the contralateral testis even following removal 
of the undescended testis. Testicular tumours may be divided into 
germ cell and non-germ cell tumours; 95% of testicular tumours are 
germ cell tumours which arise from spermatogenic cells. Non-germ 







Intra-testicular abnormalities 


Table 31.1 Classification of testicular tumours 
Germ cell tumours 


Precursor lesions: 

Intra-tubular germ cell neoplasia 
Tumours of one histological type: 

Seminoma 

Classic 

Spermatocytic 
Embryonal carcinoma 
Yolk sac tumour 
Choriocarcinoma 
Teratoma 
Mature 
Immature 

With malignant transformation 
Tumours of more than one histological type 

Non-germ cell tumours (sex cord and stromal tumours) 

Leydig cell tumour 
Sertoli cell tumour 
Granulosa cell tumour 
Fibroma-thecoma 

Tumours with both sex cord and stromal cells and 
germ cells 

Gonadoblastoma 

Lymphoid and haematopoietic tumours 

Lymphoma 

Leukaemia 

Metastasis 


cell tumours derive from sex cords (Sertoli cells) and stroma (Leydig 
cells); these tumours are malignant in 10% of cases. Lymphoma, 
leukaemia and metastases may manifest as testicular tumours 
(Table 31.1). 

Most testicular tumours are of homogeneous, low reflectivity in 
comparison to the surrounding testicular parenchyma, although a 
wide range of appearances occur including high reflective, hetero¬ 
geneous lesions with areas of calcification and cystic change. 14 
Larger tumours demonstrate increased vascularity, 15 although with 
the newer high-frequency transducers, malignant vascularity may 
also be identified in small volume tumours. 16 

Germ cell tumours 

The precursor of germ cell tumours is thought to be intra-tubular 
germ cell neoplasia; if development is along a 'uni-potential' 
gonadal line a seminoma will form but if development occurs along 
a 'toti-potential' gonadal line, a non-seminomatous tumour will 
develop. The 'toti-potential' cells may remain undifferentiated 
(embryonal carcinoma) or develop toward embryonic differentia¬ 
tion (teratoma) or extraembryonic differentiation (yolk sac tumours, 
choriocarcinoma). Multiple histological types occur together (mixed 
germ cell tumour) as these 'toti-potential' cells develop along mul¬ 
tiple pathways. 

Most germ cell tumours spread via the lymphatic system rather 
than haematogenous, except for choriocarcinoma. Normally 
testicular lymphatic drainage follows the testicular vein, occurring 
in a predictable pattern. Orchidectomy for all testicular tumours 
is performed through an inguinal approach to avoid skin involve¬ 
ment and spread to the external iliac nodes. Staging of testicular 



Figure 31.15 Seminoma. A low reflective mass lying within 
testicular parenchyma, with a well-delineated border (arrow) 
demonstrating features of a seminoma. 


carcinoma follows the TNM (tumour, node, metastasis) classifica¬ 
tion. 17 Tumour markers play an important role in diagnosis, staging, 
prognosis and follow-up of germ cell tumours. The most important 
tumour markers are alpha-fetoprotein, human chorionic gonado¬ 
trophin and lactate dehydrogenase. Although not always raised, 
specific patterns are seen: alpha-fetoprotein is raised in yolk sac 
tumours and teratomas, human chorionic gonadotrophin is raised 
in choriocarcinoma. Documentation of the tumour markers is 
essential to calculate clearance rate or marker persistence following 
treatment. 

Seminomatous germ cell tumours 

Seminoma is the most common pure germ cell tumour, accounting 
for up to 35-50% of cases, occurring in a slightly older patient group 
of 40 years. Seminoma represents the most common solid tumour 
in young men with the highest rates reported in Europe, Scandina¬ 
via and North America. There is a white:black ratio of 5:1. Semino¬ 
mas may be bilateral in 2-5% of cases, and are most often associated 
with cryptorchidism. The ultrasound appearances reflect the 
uniform cellular nature of the tumour; uniformly of low reflectivity 
although larger tumours may be heterogeneous, lobulated or 
present as multinodular areas in continuity (Fig. 31.15). These 
tumours are extremely radiosensitive. 

Non-seminomatous germ cell tumours 

The non-seminomatous germ cell tumours, a collective group of 
various cell types, affect younger patients (20-30 years) than semi¬ 
nomatous germ cell tumours and are more aggressive with frequent 
visceral metastases. 

Mixed germ cell tumours 

Mixed germ cell tumour contains more than one germ cell compo¬ 
nent; any combination of cell type can occur. The most common 
combination is a teratoma and embryonal cell carcinoma (previ¬ 
ously called teratocarcinoma). The average age of presentation is 30 
years. These tumours constitute up to 20-40% of all germ cell 
tumours and are more common than the pure histological forms of 
testicular tumours. On ultrasound the appearances reflect the 
diverse nature of the histology with areas of calcification, cystic 
change, haemorrhage and necrosis (Fig. 31.16). 
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Figure 31.16 Mixed germ cell tumour. A focal mass (arrow), a 
mixed germ cell tumour, is present at the lower aspect of the testis, 
heterogeneous but mainly high reflectivity and is not as clearly 
defined as the examples of seminoma. 



Figure 31.17 Embryonal cell tumour. Often a component of 
mixed germ cell tumours, this is an example of a pure embryonal 
cell tumour that is ill defined, lobulated and partly cystic (arrow). 


Embryonal cell carcinoma 

This is the second most common tumour after seminoma; embryo¬ 
nal carcinoma is present in 87% of mixed germ cell tumours, but in 
the pure form accounts for 2% of all testicular tumours. Embryonal 
carcinoma affects younger men (25-35 years) and tends to be more 
aggressive; a significant number will present with metastases. 
These tumours are often heterogeneous, ill defined and blend 
imperceptibly into adjacent testicular parenchyma (Fig. 31.17). 

Choriocarcinoma 

Choriocarcinoma is a rare tumour, occurring in a pure form in <1% 
of patients but in a mixed germ cell tumour in 8% of patients, where 
it is highly malignant. Choriocarcinoma carries the worst prognosis 
of any germ cell tumour; a high level of human chorionic gonado¬ 
trophin confers a poor prognosis and often results in gynaecomas- 
tia. Ultrasound will demonstrate a heterogeneous solid mass with 
areas of haemorrhage, necrosis and calcification. These tumours 
show a tendency to haematogenous spread. 



Figure 31.18 Yolk sac tumour. The imaging features are 
non-specific and are similar to a mixed germ cell tumour (arrows) 
with cystic change (short arrow) and areas of calcification. 


Yolk sac tumour 

Yolk sac tumours (endodermal sinus tumour) are the infantile form 
of embryonal cell carcinoma and account for 80% of childhood (<2 
years) tumours but are rare in adults except as a component of 
mixed germ cell tumours. Elevation of alpha-fetoprotein levels is 
present. The imaging features are non-specific and are similar to a 
mixed germ cell tumour with cystic change and areas of calcifica¬ 
tion (Fig. 31.18). 

Teratoma 

Teratoma constitutes 5-10% of primary testicular tumours, divided 
into mature, immature and teratoma with malignant transforma¬ 
tion according to the presence of derivatives of the different germi¬ 
nal layers (endoderm, mesoderm and ectoderm). Teratoma is the 
second most common testicular tumour in children (<4 years), and 
teratoma cells occur in over 50% of adult cases of mixed germ cell 
tumours. A teratoma tends to be a complex tumour, and the ultra¬ 
sound features are those of a well-defined complex mass with cystic 
change (Fig. 31.19). Calcification may be present. Malignant trans¬ 
formation into a teratocarcinoma occurs (Fig. 31.20). In the prepu¬ 
bertal testes a pure teratoma runs a benign course and testis-sparing 
surgery may be undertaken. This is not true for the postpubertal 
teratoma, which will metastasise irrespective of the histological 
features. Spread is via the lymphatic route and the 5-year survival 
rate is 70%. 

'Regressed' or 'burnt-out' germ cell tumours 

Patients may present with widespread metastases but no primary 
tumour except for an area of calcification or fibrosis within an often 
atrophic testis. 18 The pathogenesis of this phenomenon may be the 
result of a high metabolic rate of the tumour, which outgrows its 
blood supply and involutes (Fig. 31.21). 

Non-germ cell tumours 

Non-germ cell tumours (gonadal stromal tumours) account for 
3-6% of all testicular tumours. The prevalence of non-germ cell 
tumours is higher in the paediatric age group, constituting 30% of 
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Figure 31.19 Teratoma. There is a lobulated defined teratoma at 
the upper aspect of the testis (arrow). 



Figure 31.20 Teratocarcinoma. A mixed reflective tumour 
replacing normal tissue in the testis with areas of calcification; 
histology demonstrates this to be a teratocarcinoma. 


all testicular tumours. Nearly all non-germ cell tumours are benign 
(90%), but there is no clear ultrasound criterion that allows differ¬ 
entiation from malignant testicular tumours. These non-germ cell 
tumours contain Leydig, Sertoli, thecal, granulosa or lutein cells 
and fibroblasts. When combined with germ cell tumours they are 
called gonadoblastomas. 

Leydig cell tumours 

The majority are Leydig cell tumours, which occur across all age 
groups predominantly between 20-50 years, and account for 3% of 
all testicular tumours. Patients demonstrate symptoms related to 
androgen or oestrogen secretion by the tumour, which includes 
precocious virilisation, gynaecomastia or decreased libido (30%). 
This is the most common tumour seen as an incidental ultrasound 
finding in infertile men. 19 On ultrasound Leydig cell tumours are 
small, commonly of low reflectivity with cystic change. Use of 
colour Doppler ultrasound may demonstrate poor internal colour 
Doppler flow with increased peripheral vascularity when small. 
Internal vascularity increases with tumour size (Fig. 31.22). 



Figure 31.21 ‘Burnt-out’ tumour. A focal clump of calcification 
(arrow) is present in the central aspect of the testis on ultrasound in 
a patient with a retroperitoneal germ cell tumour: a ‘burnt-out’ 
testicular tumour. 



Figure 31.22 Leydig cell tumour. A large mixed reflective, 
heterogeneous tumour at the lower aspect of the testis which on 
histological examination was found to be a Leydig cell tumour. 


Sertoli cell tumours 

Sertoli cell tumours constitute 1% of all testicular tumours, and are 
less likely than Leydig cell tumours to secrete hormones. On ultra¬ 
sound the Sertoli cell tumours are well circumscribed, round and 
lobulated. 

Lymphoma 

Testicular lymphoma may be the primary site of involvement, the 
initial manifestation of widespread disease or the site of recurrence. 
Testicular lymphoma, which accounts for 5% of testicular tumours, 
is the most common testicular tumour in the over 60-year-old age 
group, the most common secondary tumour of the testis, and the 
most common bilateral tumour. It is unusual to develop testicular 
disease in lymphoma; only 0.3% of patients with lymphoma have 
testicular involvement. The most common type of lymphoma to 
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Figure 31.23 Lymphoma. There is enlargement of the testis, with 
a central mass of uniform low reflective appearance (arrow) 
extending into the epididymis (arrowhead). A surrounding hydrocele 
is present in a patient with testicular lymphoma. 



Figure 31.25 Metastasis. A secondary lesion (arrows) with 
calcification which on histology was an adenocarcinoma. 


Testicular tumour 
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Figure 31.24 Leukaemia. A larger right testis with the suggestion 
of areas of lower reflectivity (arrows) in a patient with acute myeloid 
leukaemia. 


• Represents 1 % of all male neoplasms; higher incidence in 
15-34-year age group. 

• Commonly presents as a painless scrotal mass. 

• Multiple histological cell types occur together; seminoma and 
mixed germ cell tumours are the most common. 

• Tumour spread is via the lymphatic system. 

• Ultrasound is unable to differentiate germ cell from non-germ cell 
tumours. 

• Nearly all non-germ cell tumours are benign. 

• Lymphoma occurs in the over-60 age group. 


Metastasis 

Metastasis to the testis is unusual, with the most frequent primary 
sites being the prostate, lung, melanoma, colon and kidney. 21 Metas- 
tases occur most commonly in patients over 50 years of age. Metas¬ 
tasis usually occurs in advanced disease and is indistinguishable on 
ultrasound from a primary tumour (Fig. 31.25). 

Focal lesions: non-neoplastic lesions 


affect the testis is non-Hodgkin's lymphoma, usually of the diffuse 
histiocytic type. The ultrasound appearances of testicular lym¬ 
phoma are similar to germ cell tumours, particularly a seminoma: 
discrete low reflective lesions with increased colour Doppler flow. 
However, complete testicular involvement may be seen, emphasis¬ 
ing the need to compare the reflectivity of both testes (Fig. 31.23). 

Leukaemia 

Testicular involvement in acute leukaemia is estimated at 64% and 
in chronic leukaemia at 25%. Primary leukaemia of the testis is rare, 
although it is a common site of recurrence in children. The blood- 
testis barrier prevents chemotherapy agents from dealing with 
intra-testicular leukaemia cells. The ultrasound appearances are 
very variable, being unilateral or bilateral, diffuse or focal, low or 
high reflectivity with increased colour Doppler flow (Fig. 31.24). 20 
Differentiation from inflammatory disease is difficult without a full 
clinical history. 


Epidermoid cyst 

The pathogenesis of an epidermoid cyst is uncertain. It is likely it 
either arises from monodermal development of a teratoma or as a 
result of squamous metaplasia of surface mesothelium. These are 
benign lesions with no malignant potential. Epidermoid cysts com¬ 
prise 1% of all testicular tumours and are true cysts, containing a 
cheesy laminated material. Patients are usually between 20 and 40 
years at presentation. Classically on ultrasound, epidermoid cysts 
are well circumscribed with a high reflective border and internal 
laminations giving an 'onion-ring' appearance (Fig. 31.26). These 
lesions are avascular on colour Doppler ultrasound. There are four 
types of appearance documented on ultrasound: (i) classic onion 
ring configuration; (ii) densely calcified mass; (iii) peripheral rim or 
central calcification; and (iv) mixed pattern. 22 The treatment for 
epidermoid cyst is either enucleation or orchidectomy and as the 
ultrasound findings are frequently non-specific, orchidectomy is 
often performed. 
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Figure 31.26 Epidermoid cyst. An epidermoid cyst demonstrating 
a well-circumscribed low reflective appearance with a high reflective 
border and internal laminations (small arrows) giving an ‘onion-ring’ 
appearance. 


Splenogonadal fusion 

Splenogonadal fusion is a rare condition where an accessory spleen 
exists within the scrotum or pelvis fused to the gonadal organs; the 
majority of cases occur on the left side. Splenogonadal fusion is far 
more common in males, where presentation is usually with a scrotal 
mass. 23 There are two types described, continuous and discontinu¬ 
ous. In the more common continuous type, a cord connects the 
normal and ectopic spleen; this cord may be beaded with small 
splenunculi. In the discontinuous type there is no cord present. 
There are several recognised associations with splenogonadal 
fusion; inguinal hernia and cryptorchidism are the most common, 
with micrognathia, peromelia, cleft palate, cardiac defects and 
several other rarer congenital anomalies also reported. The appear¬ 
ance of splenogonadal fusion on ultrasound resembles a mass 
within the scrotal sac of low reflectivity in comparison to the normal 
testicular parenchyma. The mass may not be seen separate to the 
testis and as such will be readily confused with a primary testicular 
tumour (Fig. 31.27). Colour Doppler ultrasound flow in the abnor¬ 
mal tissue assumes a pattern similar to that seen in the central 
aspect of the normal testis or that seen in splenic tissue. 24 Should 
the diagnosis be considered, a 99mTc-sulphur colloid scan will 
demonstrate uptake within the ectopic splenic tissue. 

Adrenal rest cells 

Testicular adrenal rest tumours are benign adenocorticotrophic 
hormone (ACTH)-dependent lesions that are asymptomatic and 
occur in patients with congenital adrenal hyperplasia. Increased 
ACTH levels prevent involution of aberrant adrenal cortical cells 
that migrate with gonadal tissues in fetal life. The testicular adrenal 
rests are usually less than 5 mm and can normally be found in the 
testis and surrounding tissues in 7.5-15% of neonates and 1.6% of 
adults. Ectopic adrenal rest cells within the testis develop as a 
tumour-like abnormality in response to elevated circulating ACTH. 
The intra-testicular nodules of adrenal rests can gradually expand 
and destroy the testicular parenchyma, resulting in low testosterone 
production and infertility. Treatment with steroid therapy can sta¬ 
bilise or regress these lesions, and aids the diagnosis. These tumours 
usually appear as focal low reflective abnormalities with abnormal 
colour flow and are often bilateral (Fig. 31.28). 25 



Figure 31.27 Spleno-gonadal fusion. A subtle, defined lesion at 
the upper aspect of the testis (arrow) which has the appearances of 
a primary testicular tumour. 



Figure 31.28 Adrenal rest cells. A focal low reflective area in the 
central aspect of the testis (arrow); adrenal rest cells (reproduced 
with permission from Giles Rottenberg, London and the Editor. 
Houghton R, Rottenberg G. Testicular lumps. Imaging 2005; 
17:101-112). 


Segmental infarction 

Global testicular infarction is well recognised, usually as a result of 
torsion of the spermatic cord, severe epididymo-orchitis or trauma. 26 
Segmental testicular infarction is, however, rare and is usually diag¬ 
nosed following orchidectomy. The predisposing factors to segmen¬ 
tal infarction include polycythaemia, intimal fibroplasia of the 
spermatic artery, sickle cell disease, hypersensitivity angiitis and 
trauma, although the majority are idiopathic in origin. 27 Patients 
with segmental infarction tend to be older than those with global 
testicular infarction arising from spermatic cord torsion, usually 
between 20 and 40 years. Segmental testicular infarction is charac¬ 
terised by poor or absent flow on colour Doppler ultrasound in a 
focal low reflective area with no posterior acoustic enhancement. 
The low reflective area may be wedge-shaped or assume a more 
rounded appearance. 27 Focal expansion of a pole of the testis may 
mimic a primary testicular tumour and colour Doppler ultrasound 
provides a useful discriminatory tool (Fig. 31.29). 28 Serial ultra¬ 
sound examinations of an area of infarction will demonstrate reduc¬ 
tion in size of the lesion. 
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Figure 31.29 Segmental infarction. A: Two focal areas of low reflectivity (arrows) in a testis of a patient complaining of acute testicular 
pain with no evidence of inflammatory disease. B: The colour Doppler appearances (arrows) demonstrate absence of flow to the area, 
suggesting a segmental infarction as the cause of the appearances. 


Other tumour-like testicular lesions 

A number of other focal testicular lesions may cause clinical and 
ultrasound confusion: granulomatous epididymo-orchitis, sar¬ 
coidosis, tubular ectasia and cysts either intraparenchymal or adja¬ 
cent to the tunica albuginea. 

Sarcoidosis 

Sarcoidosis is a multisystem disorder characterised by non- 
caseating epithelioid granulomas. Sarcoid most commonly involves 
the epididymis; solitary testicular involvement is uncommon. Dif¬ 
ferentiation from a primary testicular malignancy is challenging. 
However, if there is clinical evidence of sarcoid elsewhere, if the 
intra-testicular lesions are multifocal or if there is associated epidi- 
dymal involvement, a more confident ultrasound diagnosis may be 
offered (Fig. 31.30). The reported incidence of genital involvement 
at postmortem is 4-4.5% but only 0.5% of these patients had clinical 
symptoms. Testicular sarcoid presents with a mass which may be 
painful. On ultrasound sarcoid appears as a low reflective focal 
lesion. 29,30 Without these associated symptoms or features, tissue 
biopsy for pathological evaluation may be required. 

Focal orchitis and abscess formation 

Pure orchitis is uncommon; the testis is frequently involved when 
epididymitis occurs resulting in epididymo-orchitis. Pure orchitis 
most often arises as a result of the paramyxovirus causing mumps. 
On ultrasound, the testis is enlarged with either diffuse low reflec¬ 
tivity with pure orchitis or more commonly focal areas of low 
reflectivity when associated with epididymitis. On occasion a focal 
abnormality may be produced that mimics a tumour, which should 
regress with serial ultrasound examinations (Fig. 31.31). Abscess 
formation may occur, particularly with severe epididymo-orchitis, 
where the abscess demonstrates low reflectivity with peripheral but 
no internal colour Doppler signals (Fig. 31.32). 31 The internal echoes 
of the abscess may vary depending on the age, but should be pre¬ 
dominantly fluid-filled with septations (Fig. 31.33). If an abscess 
ruptures through the tunica albuginea, a pyocele may develop and 
this may further form a fistula to the skin surface. Idiopathic granu¬ 
lomatous orchitis can also present as a focal mass or diffuse 



Figure 31.30 Testicular sarcoid. Three focal lesions within the 
testis in a patient with sarcoidosis (reproduced with permission from 
Stewart VR, Sidhu PS. The testis: the unusual, the rare and the 
bizarre. Clinical Radiology 2007; 62:289-302). 


enlargement of a testis and is indistinguishable from a tumour at 
ultrasound. 

Intra-testicular haematoma 

Testicular rupture, extra-testicular haematoma and a haematocele 
are the most common sequelae of testicular trauma. An uncommon 
finding is an isolated intra-testicular haematoma, which has a vari¬ 
able appearance on ultrasound with a temporal change in charac¬ 
teristics on repeat ultrasound. 32 A history of trauma to the scrotum 
should prompt the diagnosis. Acutely the haematoma appears as 
patchy increased reflectivity that becomes darker and decreases in 
size as the haematoma retracts, to eventually resolve completely. 
The haematoma demonstrates no colour Doppler flow, a low reflec¬ 
tive rim thought to represent surrounding oedema, and internal 
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Figure 31.31 Focal orchitis. A: An area of low reflectivity at the upper aspect of the testis (arrow) in a patient with focal orchitis. 

B: The colour Doppler image demonstrates increased colour flow (arrow) to the area with vessels arranged in a uniform pattern conforming 
to the normal anatomical distribution of vessels. 



Figure 31.32 Intra-testicular abscess. A poorly defined focal 
area of mixed reflectivity (between cursors) in a patient with 
epididymitis (arrow) representing a focal abscess. 



Figure 31.33 Intra-testicular abscesses. Colour Doppler 
ultrasound demonstrates absence of colour signal within these 
mass lesions (arrows), with increased flow around the periphery. 
The patient responded to antibiotic therapy. 


echoes (Fig. 31.34). The most important differential is that of an 
intra-testicular tumour but a lack of lesion vascularity and the clini¬ 
cal history should lead to the correct diagnosis. The addition of 
normal tumour markers and a decrease in lesion size on sequential 
scans are useful. 

Postoperative and post-biopsy testis 

Following surgery to the pelvis, prostate and scrotum, oedema of 
the scrotal wall is a frequent finding, causing thickening visible on 
ultrasound. Often there is oedema of the testicular parenchyma 
causing a characteristic 'crazy-paving' appearance as the oedema 
follows anatomical boundaries. Following biopsy, a surgical scar 
may be seen as a localised alteration in parenchymal reflectivity 
extending to the surface of the testis. 

Intra-testicular cysts 

Intra-testicular cysts were thought to be rare but are now seen as 
incidental findings in 8-10% of ultrasound examinations. 33 These 



Figure 31.34 Intra-testicular haematomas. Two areas of 
predominantly low reflectivity (arrows) but with central high 
reflectivity in a patient following a motorcycle accident. 
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Figure 31.35 Intra-testicular cyst. A large low reflective lesion 
(between cursors) within the testis demonstrating posterior acoustic 
enhancement (arrow): a testicular cyst. Figure 31.37 Tunica vaginalis cyst. In the presence of a large 

hydrocele, this tunica vaginalis cyst (arrow) is readily visible. 




Figure 31.36 Tunica albuginea cyst. A small cyst (arrow) is 
situated in the line of the echogenic tunica albuginea. These tunica 
albuginea cysts are frequently palpated by the patient and give rise 
to concern. 


Figure 31.38 Dilated cystic rete testis. The central aspect of the 
testis; along the line of the mediastinum testis are multiple areas of 
cystic dilatation (arrows) of varying size in keeping with dilatation of 
the rete testis. 


cysts are rarely palpated and even if large are not firm. Simple cysts 
are well-delineated anechoic round structures, with a thin smooth 
wall and posterior acoustic enhancement (Fig. 31.35). The origin of 
the intra-testicular cyst is uncertain: congenital, traumatic or post- 
inflammatory. These cysts are often near the mediastinum testis 
and may arise from an anomalous efferent duct. The cysts may be 
as large as 30 mm and careful examination is required to exclude 
any wall irregularity which may suggest a cystic tumour. 

Tunica albuginea cyst 

Tunica albuginea cysts are located within the dense tissue of the 
closely adherent tunica albuginea (Fig. 31.36). The origin is unknown 
but may be mesothelial. These cysts are usually solitary, unilocular 
and readily palpated by the patient as a firm nodule on the surface 
of the testis giving concern. These lesions are often difficult to see 
with ultrasound and the patient's cooperation is invaluable in locat¬ 
ing the lesion. 


Tunica vaginalis cyst 

A tunica vaginalis cyst arises from either the visceral or parietal 
layer of the tunica vaginalis (Fig. 31.37). 

Dilatation of the rete testis 

Cystic ectasia of the rete testis results from the partial or complete 
obstruction of the efferent ducts often by inflammation or trauma, 
and causes dilatation of the rete testis in an asymmetrical unilateral 
distribution (Fig. 31.38). However, cystic ectasia of the rete testis 
often occurs in a bilateral and symmetrical distribution in the older 
patient. The differential diagnosis is of a malignant cystic testicular 
tumour although the bilateral nature of ectasia usually suggests the 
diagnosis. The ultrasound appearances of a dilated rete testis are 
multiple low reflective oval or rounded structures, which do not 
demonstrate vascular flow within the mediastinum testes. 6 The 
cysts usually measure a few millimetres in diameter but may be as 
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Figure 31.39 Testicular prosthesis. A silicone testicular 
prosthesis of uniform low reflectivity demonstrating some 
reverberation artefact (arrow). 


large as 7 cm. 34 Whilst this is a benign entity it may be of signifi¬ 
cance in a patient suffering from azoospermia as this implies there 
is obstruction of the ipsilateral spermatic ducts. Distension of the 
rete testes has been described in association with a seminoma, ter¬ 
atoma and an epididymal cystadenoma, where the obstruction of 
the tubules by tumour is thought to be responsible. 33 Therefore 
careful examination to exclude an associated tumour should be 
performed. 


Cystic dysplasia of the testis 

Although cystic dysplasia is similar in appearance to a dilated rete 
testis, this is thought to represent a rare congenital anomaly and is 
usually diagnosed in childhood. 6 


Testicular prosthesis 

Following orchidectomy, patients may elect to have a testicular 
prosthesis inserted, normally made of silicone. A testicular prosthe¬ 
sis has a characteristic appearance on ultrasound (Fig. 31.39). 


Atrophy 

Testicular atrophy may occur following cryptorchidism, inflamma¬ 
tion, torsion of trauma, hypothyroidism, oestrogen treatment, liver 
cirrhosis, hypopituitary disease and ageing. The testis is globally 
reduced in size, usually unilateral with changes in testicular reflec¬ 
tivity related to the underlying cause, but usually of lower reflectiv¬ 
ity. While volume and vascularity of the testis are reduced, the 
epididymis remains normal. Atrophy is a natural phenomenon of 
ageing where changes in the normal testis reflectivity, usually of a 
heterogeneous nature, may occur (Fig. 31.40). 35 

Testicular microlithiasis and 
macrocalcification 


Testicular microlithiasis describes the appearance of multiple 
tiny bright foci, measuring 1-2 mm in diameter, which may be 
unilateral or bilateral (Fig. 31.41). The number of calcified foci and 
the pattern of distribution can vary, being either very diffuse or 
more peripherally clustered. 36 Testicular microlithiasis has been 



Figure 31.41 Testicular microlithiasis. Spectacle view with 
unilateral left-sided classical testicular microlithiasis. 


arbitrarily classified into 'limited', defined as fewer than five micro- 
liths per ultrasound field, or 'classical', defined as more than five 
microliths per field. 36 A further definition, 'florid', where there are 
innumerable microliths per ultrasound field, has also been sug¬ 
gested. 37 The prevalence of all forms of testicular microlithiasis is 
reported at 0.6%-9.0%. 38,39 Testicular microlithiasis is characterised 
by the formation of microliths from degenerating cells in the 
seminiferous tubules. Acoustic shadowing is not seen, probably 
due to the small size of the calcifications. Although usually an 
incidental finding during the investigation of testicular symptoms, 
testicular microlithiasis has been associated with various medical 
conditions, including infertility, cryptorchidism, Klinefelter's syn¬ 
drome, Down's syndrome and pulmonary alveolar microlithiasis. 

Testicular microlithiasis has also been found in association with 
benign and malignant tumours in the testis, with reports indicating 
seminoma as the commonest tumour to occur in association with 
testicular microlithiasis (Fig. 31.42). 40 Furthermore a high number 
of patients with intra-tubular germ cell neoplasia have testicular 
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Figure 31.42 Seminoma with testicular microlithiasis. 

Testicular microlithiasis (short arrows) in association with a 
seminoma (arrow) in an atrophic testis. There is an increased 
prevalence of primary testicular tumours in the presence of 
testicular microlithiasis. 



Figure 31.43 Seminoma with testicular macrocalcification. 

A seminoma is present in the upper aspect of the testis (long 
arrow), with focal areas of macrocalcification lying outside the 
tumour margins (small arrows). 


microlithiasis; approximately 50% of patients with intra-tubular 
germ cell neoplasia develop testicular cancer within 5 years. 41 As a 
consequence, the significance of finding isolated testicular micro¬ 
lithiasis is as yet uncertain; surveillance with ultrasound on an 
annual basis is advocated. 38 A number of case reports have detailed 
the development of a primary testicular tumour whilst on an ultra¬ 
sound surveillance programme. 39,42 

The association of testicular macrocalcification within benign tes¬ 
ticular lesions is well documented and can be found in association 
with intra-testicular cysts and epidermoid tumours. Benign intra- 
testicular tumours, commonly derived from the Sertoli and Leydig 
cells of the seminiferous tubules, are difficult to distinguish from 
malignant tumours and these too demonstrate calcification. Large 
smooth curvilinear calcification at the periphery of a tissue mass 
has been shown in Sertoli cell tumours. Granulomatous disease 
within the testes can also present with a low reflective mass and 
areas of calcification within. 43 The presence of macrocalcification in 
association with malignant tumours has also been noted, particu¬ 
larly with the entity of 'burnt-out' tumours, and recently macrocal¬ 
cification has been associated with a higher prevalence of primary 
testicular tumours (Fig. 31.43). 44 


Testicular microlithiasis 

• Small 1-2 mm highly reflective areas with no posterior acoustic 
shadowing. 

• May be bilateral or unilateral. 

• Associated with an increased prevalence of testicular malignancy. 

• High numbers of patients with testicular microlithiasis have 
intra-germ cell neoplasia. 

• Annual ultrasound surveillance is suggested. 


EXTRA-TESTICULAR ABNORMALITIES 

Extra-testicular focal lesions 


Extra-testicular solid tumours are rare; the majority of extra- 
testicular lesions are cystic abnormalities of the epididymis. Primary 


solid tumours of the extra-testicular tissues are normally benign 
although malignant lesions are seen. The reported prevalence of 
extra-testicular solid tumours varies between 3% and 16% of all 
patients referred for scrotal ultrasound. 45 Metastases may also occur 
in the extra-testicular space. 

Epididymal cysts and spermatoceles 

Extra-testicular cysts are commonly found in the spermatic cord, 
epididymis (Fig. 31.44), tunica albuginea or tunica vaginalis. Epidi¬ 
dymal cysts are most commonly found in the epididymal head, 
contain clear serous fluid and on ultrasound demonstrate typical 
features of a cyst with posterior acoustic enhancement and may be 
seen in up to 40% of patients. A spermatocele consists of cystic dila¬ 
tation of tubules of the efferent ductules and occurs in the epididy¬ 
mal head (Fig. 31.45), often containing low reflective debris 
representing spermatozoa, lymphocytes, cellular debris, fat and 
proteinaceous fluid. 46 The differentiation between a spermatocele 
and a simple cyst is unimportant and they may be indistinguishable 
on ultrasound. Spermatocele is though to be more common than an 
epididymal cyst and more frequent in the epididymal head. These 
cystic structures are normally painless unless inflamed, a rare 
occurrence (Fig. 31.46). Spermatocele may be large (>4 cm) and 
mimic a hydrocele; differentiation is usually attained by demon¬ 
strating fluid anterior to the testis in a hydrocele. 

Tubular ectasia and vasectomy 

Following vasectomy, the epididymis has a characteristic appear¬ 
ance of dilatation, with an inhomogeneous appearance on ultra¬ 
sound described as ectasia of the epididymis. These appearances 
are unrelated to symptoms and are seen in 45% of patients 
(Fig. 31.47). There may be an associated spermatocele and sperm 
granuloma. 

Sperm granuloma 

A sperm granuloma occurs secondary to inflammation, trauma and 
vasectomy, and is thought to be a granulomatous reaction to 
extravasated sperm cells. Causative factors include infection, 
trauma or a vasectomy; 3-5% of vasectomy patients develop a 
sperm granuloma. On ultrasound a sperm granuloma is well 
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Figure 31.44 Epididymal head cysts. A: Two cysts are present in the epididymal head (short and long arrows). B: A septated 
epididymal head cyst (arrow). 



Figure 31.45 Spermatocele. A cyst in the epididymal tail Fi 9 ure 31.47 Post-vasectomy. The epididymis is dilated (between 

demonstrates debris (long arrow) that is ‘layering’ and produces arrows, >4 mm) in a patient who has undergone a vasectomy, with 

posterior acoustic enhancement (short arrow): a spermatocele. a characteristic reflective pattern demonstrated. 



Figure 31.46 Inflamed spermatocele. On colour Doppler 
ultrasound there is increased colour Doppler flow to the periphery 
of the spermatocele (arrow) in keeping with inflammatory change. 


demarcated, of low or high reflectivity, is avascular on colour 
Doppler flow, found in the epididymis, and often painful in the 
early stages (Fig. 31.48). 47 

Benign neoplasms (Table 31.2) 

Tumours of the epididymis, spermatic cord and extra-testicular 
tissues are rare, seen in the older patient and are often benign (but 
not in children). 

Lipoma 

This is the most common benign tumour of the extra-testicular 
space and it is commonly found in the spermatic cord. 48 Patients of 
all ages are affected, with the tumour manifesting as a non-tender 
scrotal lump. At ultrasound a lipoma has a homogenous high to 
iso-reflective appearance, and varies in size (Fig. 31.49). Magnetic 
resonance (MR) imaging will confirm the fat content of the lesion, 
prior to excision if necessary. 



609 






CHAPTER 31 • Diseases of the testis and epididymis 



Figure 31.48 Sperm granuloma. A focal high reflective lesion in 

the epididymis (arrow) which is painful: a sperm granuloma. Figure 31.49 Lipoma. A focal extra-testicular lesion (arrow) in 

keeping with a lipoma. 


Figure 31.50 Adenomatoid tumour. A focal low reflective mass 
(arrow) present in the tail of the epididymis with a linear highly 
reflective septum. 

frequently involving the epididymal head, and is often associated 
with a hydrocele. The patient presents with a slow-growing non¬ 
tender mass. On ultrasound there are no specific features; it may be 
. . . . , . cystic or solid and contain areas of calcification. 50 

Adenomatoid tumour 



Table 31.2 Extra-testicular neoplasms 
Benign 

Adenomatoid tumour 

Leiomyoma 

Lipoma 

Haemangioma 

Cystadenoma 

Fibrous pseudo-tumour 

Sclerosing lipogranuloma 

Malignant 

Rhabdomyosarcoma 

Liposarcoma 

Leiomyosarcoma 

Malignant schwannoma 

Malignant fibrous histiocytoma 

Pleomorphic hyalinising angiectatic tumour 

Metastases (in order of frequency) 

Prostate 

Kidney 

Stomach 

Colon 

Ileum (carcinoid tumour) 

Pancreas 


This is the most common tumour of the epididymis, accounting for 
30% of all tumours of the extra-testicular space; probably of a mes- 
othelial origin. Adenomatoid tumours usually occur in the patient 
of 20 years or older, present as a painless mass, are slow growing 
and arise in the tail of the epididymis (four times as common as in 
the head) and are predominantly left-sided. The ultrasound appear¬ 
ance is non-specific; the majority are iso-reflective to the epidi¬ 
dymis, well defined, oval in shape and can be cystic (Fig. 31.50). 49 
Resection is normally curative, but will interfere with sperm ejacu¬ 
lation on the side of the resection. 

Leiomyoma 

This is the second commonest tumour of the epididymis, with a 
prevalence of 6%. It commonly manifests in the fifth decade. 


Other benign tumours 

Other rare benign tumours of the extra-testicular space include 
haemangiomas (Fig. 31.51), 51 which may be indistinguishable from 
a varicocele, and a papillary cystadenoma associated with von 
Hippel-Lindau disease, appearing as a solid lesion with small cystic 
spaces in the head of the epididymis. A fibrous pseudo-tumour 
(Fig. 31.52) may result from a prior history of trauma, haematocele 
or from epididymo-orchitis. 

Malignant neoplasms 

Malignant lesions of the extra-testicular space are rare, usually 
present as a mildly painful enlarging mass, and the vast majority 
are sarcomas. 







Extra-testicular abnormalities 



Figure 31.53 Tunica vaginalis calcification. A focus of high 
reflectivity adjacent to the outer border of the testis casting an 
acoustic shadow (arrow): calcification within the tunica vaginalis. 



Figure 31.52 Fibrous pseudo-tumour. A fibrous pseudo-tumour 
of the epididymal tail (arrow) demonstrating a spectrum of different 
reflectivity. 


Rhabdomyosarcoma 

This is the most common sarcoma of the spermatic cord (40% of 
extra-testicular malignant lesions), peaking at ages 5 and 16 years. 
The most common presentation is of an enlarging painless mass, 
but as an aggressive tumour it may present with metastases. On 
ultrasound features are non-specific: variable reflectivity with areas 
of necrosis and haemorrhage and increased colour Doppler flow of 
low resistance. 52 

Liposarcoma 

This is very rare, usually arises from the spermatic cord, is of low- 
grade malignancy, and spreads locally. Patients present with a 
slow-growing fluctuant mass. Ultrasound demonstrates a highly 
reflective mass of varying size. 


Other malignant neoplasms 

Other rare malignant lesions of the extra-testicular space include 
leiomyosarcoma, which is seen as a predominantly low reflective 
mass, 53 malignant schwannoma and malignant fibrous histiocy¬ 
toma. A mesothelioma may develop from the tunica vaginalis 
in patients exposed to asbestos. 54 Lastly, metastases to the extra- 
testicular space occur from a testicular primary tumour and from 
renal, prostate and gastrointestinal tumours. 

Extra-testicular calcification 

Calcification within the epididymis is frequent and usually repre¬ 
sents benign disease. The tunica vaginalis may occasionally calcify, 
producing a plaque with acoustic shadowing (Fig. 31.53), as will 
calcification in the tunica albuginea (Fig. 31.54). Calcification in or 
adjacent to the epididymis is a common finding and is usually due 
to chronic epididymitis. Haematoma and sperm granulomas (sperm 
extravasation with granuloma formation) may occur and produce 
a solitary, highly reflective area within the epididymis. The appen¬ 
dix epididymis and appendix testis may calcify and are recognised 
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Figure 31.55 Scrotal pearl. The high reflective area (arrow) lying 
free within a small hydrocele within the scrotal sac represents a 
‘scrotal pearl’, and causes posterior acoustic shadowing. 


Extra-testicular lesions 

• Nearly all are benign abnormalities. 

• The majority are epididymal head cysts. 

• Lipomas occur commonly. 

• Adenomatoid lesions are commonest in the epididymis. 

• Rhabdomyosarcoma occurs between the ages of 5 and 16 
years. 


by their characteristic position and shape. 43 Calcifications present 
in between the two layers of the tunica vaginalis have a character¬ 
istic appearance and are termed 'scrotal pearls', often best seen in 
the presence of a hydrocele (Fig. 31.55). A scrotal pearl, often pal¬ 
pated by the patient, is usually freely mobile within a hydrocele. 
They may arise from inflammation of the tunica vaginalis or from 
remnants of an appendix testis or epididymis. 

Extra-testicular non-focal lesions 


Inguinal hernia 

Inguinal hernias are a common cause of a scrotal swelling. Physical 
examination is normally sufficient to arrive at the diagnosis of an 
intra-scrotal inguinal hernia; ultrasound may be useful in the dif¬ 
ficult cases. On ultrasound the hernia contains bowel or omentum 
giving rise to peristalsis of fluid-filled loops of bowel, air within 
bowel or high reflective omental fat. 

Fluid collections 

Hydrocele, pyocele and haematocele 

Between the two layers of the tunica vaginalis, there is normally a 
little serous fluid present, and this may be visualised in up to 85% 
of asymptomatic men. When the collection of fluid becomes large, 
a hydrocele develops, the commonest cause of a painless scrotal 
swelling. The fluid accumulation is confined to the anterior and 
lateral aspects of the scrotum, sparing the bare area of the testis; the 
testis appears to lie in a posterior location within the scrotal sac. A 
hydrocele is normally of low reflectivity, with posterior acoustic 
enhancement, but may contain multiple echoes in the presence of 
cholesterol crystals (Fig. 31.56). 55 Hydroceles may be idiopathic or 
develop secondary to trauma (haematocele), infection (pyocele), 


torsion or tumour, or be congenital (secondary to a patent processus 
vaginalis). The testis is normally displaced to the posterior aspect 
of the scrotal sac in the presence of a hydrocele, in contrast to the 
inferior position when a large epididymal cyst causes displacement 
of the testis. 

Varicocele 


A varicocele is present in up to 15% of adult male patients. Varic¬ 
oceles are caused by incompetent valves in the internal spermatic 
vein. Impaired drainage is more evident when standing upright or 
during a Valsalva manoeuvre, which renders the varicocele more 
prominent. Varicoceles are left-sided in 78%, right-sided in 6% and 
bilateral in 15%. This abnormal dilatation of veins arises more often 
on the left as a consequence of the angle at which the left testicular 
vein enters the left renal vein. The normal veins of the pampiniform 
plexus measure 0.5-1.5 mm and a vein diameter of greater than 
2 mm should be considered abnormal. 56 On ultrasound, a varicocele 
consists of multiple low reflective serpiginous tubular structures of 
varying size, best seen superior and lateral to the testis. If large the 
varicocele may extend to the inferior aspect of the testis (Fig. 31.57). 
Tumbling low-level echoes may be identified on real-time imaging, 
secondary to low flow. Ultrasound in the supine and erect positions 
as well as following the Valsalva manoeuvre will help identify the 
varicocele and document retrograde filling. Examination of the left 
kidney is advocated in the presence of a varicocele to exclude a 
renal tumour in all patients by many clinicians, without much sup¬ 
porting evidence as to the prevalence of this association. 57 This is 
probably only really indicated in the presence of a varicocele that 
has recently arisen in patients over the age of 40 years. Occasionally 
an intra-testicular varicocele may occur (Fig. 31.58) with an inci¬ 
dence quoted at <2% in a symptomatic population. 58 The ultrasound 
appearances of an intra-testicular varicocele are anechoic serpigi¬ 
nous or cystic structures radiating from the mediastinum testis. The 
appearance on colour and spectral Doppler examination is charac¬ 
teristic, as an intra-testicular varicocele demonstrates vascular flow, 
differentiating this from other cystic structures such as a prominent 
rete testis or an intra-testicular cyst. An intra-testicular varicocele 
will behave in a similar fashion to an extra-testicular varicocele, 
increasing in size and demonstrating retrograde flow on Valsalva 
manoeuvre. A common clinical presentation is with testicular pain 
attributed to stretching of the tunica albuginea secondary to venous 
congestion. 

A classification of varicoceles based on clinical features is as 
follows: grade 1, varicocele is palpable only during the Valsalva 
manoeuvre; grade 2, readily palpable without the need for the 
Valsalva manoeuvre; and grade 3, visible on inspection. 59 Identifica¬ 
tion of a varicocele in patients being investigated for infertility may 
be of relevance, although testicular volume, ultrasound appear¬ 
ances and Doppler studies may also be of importance. 


ACUTE SCROTUM 


Acute scrotal pain is a common urological emergency for which 
epididymo-orchitis is the commonest cause. The most important 
diagnostic distinction to be made in patients presenting with acute 
scrotal pain is between acute spermatic cord torsion and the other 
causes of acute scrotal pain (Table 31.3). The treatment for acute 
spermatic cord torsion is urgent surgical exploration to maintain 
viability of the testis and avoid testicular infarction. Diagnostic 
accuracy is therefore imperative in order to identify those patients 
that require immediate surgical intervention as well as avoiding 
unnecessary surgery in patients with a non-surgical cause for acute 
testicular pain. In the emergency setting, the ready availability of 
greyscale ultrasound, with the ability to assess testicular vascula¬ 
ture on colour Doppler, allows ultrasound to remain the imaging 
modality of choice. Clinical examination can be notoriously 









Acute scrotum 






Figure 31.56 Extra-testicular fluid collections. A: The testis is displaced interiorly by a large hydrocele without any echogenic debris 
visible: a simple hydrocele. B: A pyocele in a patient with severe epididymo-orchitis with echogenic debris (arrow) representing pus. C: A 
haematocele in a patient following blunt testicular trauma, with ‘layering’ of echogenic debris seen (arrow). D: Extensive highly reflective 
material within a chronic hydrocele representing cholesterol crystals (arrow). 



Figure 31.57 Extra-testicular varicocele. Serpiginous dilated Figure 31.58 Intra-testicular varicocele. With the Valsalva 

(>2 mm) veins at the lower aspect of the testis; a testicular manoeuvre there is filling of the tubular structure with colour: an 

varicocele. LT, left testis. intra-testicular varicocele (arrow). 
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inaccurate in distinguishing the causes of acute scrotal pain. In 
particular, the clinical discrimination between acute epididymo- 
orchitis and spermatic cord torsion can be virtually unachievable; 
imaging may play an important role. Familiarity with the ultra¬ 
sound features of common causes of acute scrotal pain is therefore 
a necessity for the emergency on-call radiologist in order to provide 
complementary information for the clinical team to aid accurate 
diagnosis in these patients. 

Inflammatory disease 


Epididymo-orchitis and epididymitis 

Epididymo-orchitis and epididymitis predominantly affects the 
sexually active male of less than 40 years, the older patient with 
urological disease and the prepubertal boy with an associated 
urogenital anomaly. 60 The main causative organisms in sexually 
transmitted diseases are Chlamydia trachomatis and Neisseria gonor- 
rhoeae, whereas in prepubertal boys and in men over the age of 40 
years, the organisms responsible are Escherichia coli and Proteus 
mirabilis. Epididymitis causes acute scrotal pain of varying intensity 
and pyuria with fever; at clinical examination the epididymis may 
be palpated as a thickened tender structure separate from the testis. 

On ultrasound, the epididymis may be involved in focal areas 
(often the lower is affected first) or in a global pattern, with 


Table 31.3 Causes of acute scrotal pain 

Acute epididymo-orchitis 

Acute spermatic cord torsion 

Intermittent torsion of the spermatic cord 

Acute testicular trauma 

Chronic epididymo-orchitis 

Acute segmental testicular infarction 

Henoch-Schonlein purpura 

Patent processus vaginalis with acute appendicitis 

Intra-testicular tumours 


enlargement, decreased reflectivity and increased colour Doppler 
flow (Fig. 31.59). 61,62 The presence of increased colour Doppler flow 
to the inflamed epididymis is the hallmark of hyperaemia and use¬ 
fully aids the diagnosis of epididymitis and epididymo-orchitis. On 
spectral Doppler ultrasound, there is a high-flow, low resistance 
waveform. 63 There is often a reactive hydrocele, with septations if 
a pyocele develops and scrotal wall thickening. The infection often 
spreads to the adjacent testis (epididymo-orchitis), seen as patchy 
areas of low reflectivity and increased colour Doppler signal, an 
appearance that may persist for several months following treat¬ 
ment. 64 In addition, with focal ultrasound changes of the testes it is 
difficult to exclude a malignant lesion. It is therefore important that 
diffuse heterogeneous hyper-reflectivity and focal changes of the 
testes in suspected orchitis be followed up to ensure complete reso¬ 
lution and rule out neoplasm. 65 

Venous infarction of the testis may occur in patients with severe 
epididymo-orchitis where localised oedema occludes the venous 
drainage of portions of the testis or the entire testis (Fig. 31.60). The 



Figure 31.59 Epididymitis. The epididymis is enlarged, of mixed 
reflectivity (arrows) with an accompanying hydrocele: acute 
epididymitis. 



Figure 31.60 Venous infarction. A: There is an area of irregularity and mixed reflectivity present in the posterior aspect of the testis 
(arrow) in a patient with severe epididymitis. B: Colour Doppler ultrasound demonstrates absence of flow signal in the mixed reflective 
region of the testis (arrow): testicular venous infarction following severe acute epididymitis. There is usually increased colour Doppler flow in 
orchitis. 







Acute scrotum 



Figure 31.61 Epididymal abscess. There is a focal area of mixed 
reflectivity (arrow), containing debris, in the tail of the epididymis in a 
patient with acute epididymitis not responding to antibacterial 
therapy. Colour Doppler demonstrates increased colour signal from 
around the low reflective area, and absence of colour Doppler 
signal within the lesion: an epididymal abscess. 


Epididymo-orchitis 

• Acute onset of pain. 

• Focal or diffuse enlargement of the epididymis. 

• Increased colour Doppler flow to the affected areas. 

• Orchitis is a common occurrence. 

• Abscess is a potential complication. 


testis appears of low reflectivity, is swollen and there is absent 
colour Doppler flow. 66 Indirect evidence of venous infarction is 
suggested by reversal of arterial flow in diastole when the testicular 
artery in the spermatic cord is interrogated with spectral Doppler 
ultrasound. 67 

Other complications include abscess formation (low reflective 
area surrounded by increased colour Doppler signal) (Fig. 31.61), 
pyocele, testicular atrophy and chronic pain. 

Chronic epididymitis 

Chronic epididymitis results in persistent pain and on ultrasound 
an enlarged epididymis with increased reflectivity is seen with 
areas of calcification. Tuberculous epididymitis may present in a 
similar fashion to bacterial epididymitis but will not respond to 
standard antibiotic treatment. Ultrasound features are not specific, 
although chronic disease with calcification and indolent abscess 
formation discharging onto the skin may be present (Fig. 31.62). 68 

Orchitis 

Usually the testis is affected in patients with epididymitis giving 
rise to epididymo-orchitis. Primary orchitis without associated 
epididymitis is relatively rare but may be caused by HIV or mumps 



Figure 31.62 Tuberculous epididymitis. A focal area of reduced 
reflectivity within an enlarged epididymis (long arrow) in a patient 
with urogenital tuberculosis. A hydrocele is present; the testis is 
marked with a short arrow. 



Figure 31.63 Complicated orchitis. There are multiple areas of 
low reflectivity (arrows) in this testis in a patient with severe orchitis. 


virus. 69 The great range of appearances seen on ultrasound in acute 
orchitis may give rise to confusion. Initially oedema of the testis 
occurs with associated pain; the ultrasound appearances are those 
of a diffuse low reflective pattern. 64 The appearances then evolve to 
areas of patchy low reflectivity with an increase in colour Doppler 
flow, with the presence of intra-testicular venous flow thought to 
be characteristic of orchitis. 61 As the condition progresses, areas of 
venous infarction occur with associated haemorrhage, giving rise 
to areas of mixed or increased reflectivity. Complications include 
abscess formation, infarction and necrosis (Fig. 31.63). Following 
treatment and healing, changes may resolve completely or often 
there is loss of volume of the testis with fibrosis giving a heteroge¬ 
neous pattern on ultrasound. 64 

Trauma 


Testicular trauma is commonly seen following motor vehicle acci¬ 
dents, athletic injury or a straddle injury. The mobility and elasticity 
of the scrotal tissues provides protection for the testis in the event 
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Figure 31.64 Testicular trauma. A: Spectacle view of trauma to the right testis (short arrow) with a heterogeneous appearance and loss 
of clarity of the tunica albuginea (long arrow) suggesting a testicular rupture. B: Ultrasound of the testis following trauma demonstrating a 
fracture line (short arrow) through the mid-aspect of the testis and disruption of the lower testicular pole with a heterogeneous appearance 
of haemorrhage (long arrow). 


of trauma. However, forceful compression of the scrotal contents 
against the pubic ramus or impact with objects moving at high 
velocity can result in serious injury. 

Blunt trauma accounts for 85% of testicular injuries and penetrat¬ 
ing injuries for 15%. Blunt scrotal trauma may result in a variety of 
injuries including testicular rupture, torsion, dislocation, hae- 
matoma or contusion. Epididymal, scrotal wall and urethral injury 
may also be seen. Pain and swelling of the scrotum following 
trauma makes clinical examination extremely difficult. Ultrasound 
is useful in the context of trauma and can help to exclude or confirm 
testicular rupture and differentiate testicular haematoma from hae- 
matocele (Fig. 31.64). Testicular rupture is a surgical emergency. On 
ultrasound, in testicular rupture, there is discontinuity of the tunica 
albuginea, irregular heterogeneous testicular margins, a haema- 
tocele and diminished colour Doppler flow to the affected area. 70 
Direct visualisation of a fracture site is unusual; more often paren¬ 
chymal heterogeneous areas are seen. A haematoma will initially 
be seen as a high reflective area but with evolution over time, 
will subsequently manifest as a low reflective complex cystic 
structure. 

Spermatic cord torsion 


Testicular torsion occurs when the spermatic cord is twisted and 
the correct term is spermatic cord torsion. A narrow mesenteric 
attachment from the spermatic cord to the testes and epididymis is 
regarded as the dominant cause, a slender attachment occurring as 
a result of a small testicular bare area. This allows the testes to fall 
forward within the cavity of the tunica vaginalis and then to rotate 
like a 'bell-clapper': the 'intravaginal' type of torsion, as the guber- 
naculum is fixed to the scrotal wall preventing the rotation of the 
tunica vaginalis. 71 In neonates, the gubernaculum is not attached to 
the scrotal wall and the entire testes, epididymis and the tunica 
vaginalis twist in a vertical axis on the spermatic cord, termed 
'extravaginal' torsion. 72 Neonatal torsion is rare, occurring in the 
prenatal period and associated with an inguinal hernia. Factors 
other than an anatomical anomaly may predispose to spermatic 
cord torsion since the incidence of torsion (0.025%) is far less than 
the incidence of 'bell-clapper' deformities. 

Two factors are of importance in spermatic cord torsion: the 
extent of the spermatic cord twist (90° to three complete twists) and 


the duration of the torsion. The initial disruption will be to the 
venous and lymphatic drainage, rather than to the arterial input of 
the testes, and venous infarction occurs earlier. Scrotal oedema is 
an early feature as the lower pressure cremasteric plexus is the first 
vascular channel to be affected. Areas of testicular infarction begin 
to appear within 2 hours of complete occlusion of the testicular 
artery, irreversible ischemia occurs after 6 hours and complete inf¬ 
arction is established by 24 hours. 73 Intra-vaginal torsion most com¬ 
monly occurs between the ages of 12 and 18 years, with a reported 
incidence of 1 in 4000 males younger than 25 years. 74 Torsion com¬ 
monly arises as puberty approaches, when testicular volume may 
increase by a factor of five, thereby increasing the propensity of the 
testis to fall forward and rotate. 

Clinically intra-vaginal torsion presents with pain of sudden or 
insidious onset and is followed by swelling of the ipsilateral 
scrotum. The main clinical dilemma remains the distinction between 
spermatic cord torsion and acute epididymo-orchitis. Establishing 
the diagnosis is important since in acute epididymo-orchitis, resolu¬ 
tion with minimal intervention is the rule unless complications, 
such as an abscess, supervene; by contrast surgery is mandatory for 
torsion. The diagnostic dilemma is compounded by the occasional 
similarity in clinical presentation: fever and pyuria may occur in 
both conditions. 

In spermatic cord torsion, the ultrasound appearances are vari¬ 
able depending on the time elapsed from the onset of symptoms. 
With the development of congestion and infarction, the testes 
appear abnormally enlarged with decreased reflectivity 75 (Fig. 
31.65). The tunica albuginea and the mediastinum testis appear of 
relatively high reflectivity, and a small amount of fluid may pool 
in the lower pole of the sac of the tunica vaginalis. Eater, as inf¬ 
arction is established, haemorrhage may cause increased reflectiv¬ 
ity and heterogeneity; this is particularly true in missed torsion 
and 'chronic' torsion (symptoms present for more than 10 days). 
Enlarged, thrombosed pampiniform plexus veins, within the sper¬ 
matic cord, may be visible and there may be an abrupt change in 
calibre of the spermatic cord below the point of torsion. This 
results in an enlarged, twisted spermatic cord superior and poste¬ 
rior to the epididymal head, containing round anechoic structures 
representing veins. 76 This may resemble the whirlpool pattern 
encountered with MR imaging 77 (Fig. 31.66). Skin thickening of 
the scrotum may be present as a manifestation of venous 
congestion. 



Acute scrotum 



Figure 31.65 Missed spermatic cord torsion. The testis is 
enlarged and heterogeneous (arrow) with a surrounding hydrocele. 
No colour Doppler flow is identified within the testis but there is 
colour Doppler signal within the para-testicular tissues. The 
ultrasound was performed 24 hours after the onset of symptoms. 



Figure 31.66 Whirlpool sign of spermatic cord torsion. The 

appearance of a ‘whirlpool’ above the testis (arrow), and separate 
from the epididymis, which represents the torted spermatic cord. 


The basis for the ultrasound diagnosis of spermatic cord torsion 
is the absence or decreased flow in the symptomatic testis com¬ 
pared to the asymptomatic testis. Colour Doppler ultrasound 
allows visualisation of intra-testicular blood flow; in torsion blood 
flow is either reduced or absent, whereas it may be increased in 
epididymo-orchitis. 61 Therefore colour Doppler ultrasound is most 
useful in rapidly differentiating acute spermatic cord torsion from 
epididymo-orchitis. Although colour Doppler ultrasound is of 
value in the adult testes it is less sensitive for the detection of blood 
flow in children, since symmetry of blood flow is less well estab¬ 
lished and is dependent on testicular size. 5 A further limitation with 
colour Doppler ultrasound is the entity of epididymo-orchitis 
complicated by testicular infarction. 66 In these cases, a reversal of 
diastolic flow in the testicular artery is thought to be characteristic 
of venous thrombosis, and when combined with the greyscale and 
colour Doppler ultrasound appearances of the inflamed epididymis, 


Spermatic cord torsion 

• Occurs commonly between the ages of 12 and 18 years. 

• A ‘bell-clapper’ deformity predisposes to torsion. 

• Testicular ischaemia depends on the degree and duration of the 
torsion. 

• Diagnosis of torsion is a clinical skill. 

• Ultrasound is able to differentiate acute epididymitis/epididymo- 
orchitis as a cause of pain. 


should allow a correct diagnosis to be reached. 78 Currently, there is 
no single clinical feature or imaging examination that can reliably 
distinguish torsion from other causes of testicular pain. 26 

Spontaneous de-torsion 


A pitfall of the use of colour Doppler ultrasound in the assessment 
of the acute scrotum, and in the desire to exclude the presence of 
spermatic cord torsion, is the entity of a spontaneous de-torsion. 
The susceptible testis undergoes torsion, and then spontaneously 
untwists, resulting in hyperaemia of the previously ischaemic testis. 
On ultrasound, the B-mode appearances may be unremarkable, but 
an increase in colour Doppler flow may resemble acute epididymo- 
orchitis, resulting in a misinterpretation and possibly severe conse¬ 
quences for the patient. 

Torsion of an appendage 


Torsion of the testicular (or epididymal) appendage is considered 
to be more common than spermatic cord torsion and an important 
differential diagnosis among boys under the age of 13 years who 
present acutely with a painful scrotum. Although most frequently 
presenting in patients between 7 and 13 years of age, torsion of a 
testicular appendage can occur at any age. The onset may be associ¬ 
ated with trauma or exercise, with pain, erythema, tenderness and 
scrotal swelling common presenting symptoms. 26 In light-skinned 
individuals the palpable, infarcted, tender appendage may be 
visible at the upper pole of the testis; this 'blue-dot' sign is reported 
to occur in up to 21% of patients presenting with torsion of an 
appendage. 79 

With torsion of a testicular appendage, the testis itself usually 
appears normal on ultrasound with a normal low resistance arterial 
supply. There is often an associated localised upper pole hydrocele 
and an inflammatory reaction in the epididymis, which is often 
enlarged. The torted appendage may have a variable appearance 
most commonly of increased homogeneous reflectivity, although 
up to 30% are reported as being of low reflectivity surrounded by 
an area of increased perfusion (Fig. 31.67). 80 Colour Doppler studies 
may demonstrate an avascular mass separate from the testis and 
epididymis and an inflammatory reaction with increased blood 
flow in adjacent structures. With time the appendix becomes 
increasingly of higher reflectivity, indicating the onset of calcifica¬ 
tion, eventually completely detaching itself. 


Torsion of an appendage 

• More common in 7-13-year-old age group. 

• The testis is normal on ultrasound. 

• Ultrasound demonstrates a highly reflective appendage with a 
surrounding hydrocele. 

• Surgical exploration is not indicated; treatment is conservative. 


617 










CHAPTER 31 • Diseases of the testis and epididymis 



Figure 31.67 Torsion of the appendix test. A hydrocele 
surrounds the upper aspect of the testis, with a prominent 
appendix testis (arrow) seen; appearances are those of torsion of 
an appendix in a patient with the appropriate symptoms of sudden 
onset of testicular pain. 



Figure 31.68 Fournier’s gangrene. Ultrasound features seen are 
of scrotal wall thickening and normal underlying testes. Ultrasound 
of the scrotal wall demonstrates multiple pockets of gas (arrows), 
which appear as high reflective foci causing ‘dirty shadowing’. 


Fournier’s gangrene 


Fournier's gangrene is an aggressive necrotising fasciitis of the peri¬ 
neum which occurs most frequently in males aged 50-70 years. 
Associated co-morbidities are common, with diabetes mellitus 
found in 40-60% of patients. 81 Fournier's gangrene usually arises 
secondary to local infection, with multiple organisms involved: 
Klebsiella, Streptococcus, Proteus and Staphylococcus are commonly 
reported. Treatment is immediate surgical resection of the devital¬ 
ised tissues as the condition carries a high morbidity and mortality 
rate. The rate of progression of fascial necrosis is reported as up to 
2-3 cm/hour. 82 Prompt diagnosis is vital; mortality increases to 
11.5% at 24 hours diagnostic delay and a diagnostic delay of 6 days 
results in a mortality rate of 75%. 82 The average delay from the 
onset of symptoms to diagnosis is 5 days. Anaerobic bacterial 
metabolism produces soft tissue gas that can be detected clinically 
as crepitus. Ultrasound has been reported to detect gas before it 



Figure 31.69 Scrotal wall oedema. There is gross oedema of the 
scrotal sac surrounding the normal testes (arrows) in a patient with 
post-surgical scrotal oedema. 



Figure 31.70 Intra-testicular oedema. Intra-testicular serpiginous 
low reflectivity (short arrows) following anatomical boundaries. 


becomes clinically palpable, therefore expediting the diagnosis. 83 
The ultrasound features of Fournier's gangrene are scrotal wall 
thickening containing multiple pockets of gas, which appear as 
high reflective foci causing 'dirty shadowing', and are said to be 
pathognomonic. 84 The underlying testes appear normal, protected 
by their separate blood supply (Fig. 31.68). 


SCROTAL WALL ABNORMALITIES 

Scrotal wall oedema may occur in many conditions: heart failure, 
liver failure, lymphatic obstruction and venous obstruction. Lym- 
phoedema of the scrotal wall is classically described in filarial worm 
infestations 85 (Fig. 31.69). Testicular oedema results in fluid tracking 
into the interstitial tissues of the testis as a consequence of marked 
subcutaneous oedema of the scrotal sac. This gives rise to low 
reflective linear branching throughout the testes, giving a 'crazy 
paving' appearance. 86 The linear branching low reflective areas 
demonstrate no colour Doppler signal (Fig. 31.70). 
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INTRODUCTION 


Ultrasound plays an important role in the evaluation of penile 
pathology High-frequency 'small parts' linear transducers allow 
interrogation of the greyscale anatomy and dynamic vascular 
imaging of the normal and diseased penis. Diagnostic images can 
be obtained with few artefacts in a non-invasive manner and 
without exposure to ionising radiation. Ultrasound of the penis has 
been useful in the assessment of erectile dysfunction, but is also 
valuable in the assessment of Peyronie's disease, penile masses, 
priapism and following trauma. 


NORMAL ANATOMY AND ULTRASOUND 
APPEARANCES 


The penis is composed of three cylindrical structures of erectile 
tissue: two dorsal corpora cavernosa and a ventral corpus spongi¬ 
osum containing the penile urethra. The spongiosum is smaller 
proximally but expands distally to form the glans penis (Fig. 32.1). 
The corpora cavernosa contain sinusoidal tissue which is markedly 
distensible and is essential to the erectile process. A tough, 
non-distensible fibrous capsule, the tunica albuginea, invests the 
corpora cavernosa, with a much thinner layer covering the corpus 


spongiosum. 1 There are two layers of fascia enveloping the shaft of 
the penis beneath the skin. The dartos fascia is superficial and is in 
continuity with Scarpa's fascia of the abdomen and the dartos fascia 
of the scrotum. Deep to the dartos fascia lies Buck's fascia, which 
covers the corpora cavernosa and corpus spongiosum and attaches 
posteriorly to the suspensory ligaments of the penis, allowing the 
erect penis to achieve a horizontal or greater angle. 2 The normal 
arterial supply to the penis is via the internal pudendal artery (a 
branch of the anterior division of the internal iliac artery), which 
divides into terminal branches, the dorsal penile artery (supplying 
the glans penis), the cavernosal artery (supplying the corpora cav¬ 
ernosa) and the bulbar artery (supplying the bulb and the corpus 
spongiosum) (Fig. 32.2). The cavernosal arteries give the main con¬ 
tribution to erectile function and anatomical variations are common. 
Emissary veins pierce the tunica albuginea, and drain into the deep 
dorsal vein via the spongiosal, circumflex and cavernosal veins. 3 

Ultrasound identifies the paired corpora cavernosa, the cavern¬ 
osal arteries, the tunica albuginea and the corpus spongiosum (Fig. 
32.3). The corpora cavernosa are of intermediate reflectivity. Buck's 
fascia and the tunica albuginea are indistinguishable as they sur¬ 
round the corpora and appear as a thin low reflective envelope 
(<2 mm thick). Overlying the corpus spongiosum, Buck's fascia is 
visible as a separate high reflectivity line. The corpus spongiosum 
is of slightly higher reflectivity than the corpora cavernosa. The 
highly reflective walls of the cavernosal arteries are usually clearly 
identified at the base of the penis and can often be identified as two 
parallel, highly reflective lines on longitudinal imaging (Fig. 32.4). 
The normal urethra is not identified. 


Anatomy 

• Ventral highly reflective corpus spongiosum expands to form the 
glans penis. 

• Dorsal paired low reflective corpora cavernosa 

• enveloped by the thin highly reflective tunica albuginea 

• distensible sinusoidal tissue essential for erectile function. 

• Internal pudendal artery divides into 

• dorsal penile artery, bulbar artery and the cavernosal arteries. 

• Venous drainage via the superficial and deep dorsal veins 

• emissary veins pierce the tunica albuginea, draining into dorsal 
veins via cavernosal, spongiosal and circumflex veins 

• the emissary vein/tunica region is the site of the veno- 
occlusive mechanism. 


ERECTILE DYSFUNCTION 


Background 


Erectile dysfunction is defined as the inability to achieve or main¬ 
tain an erection adequate for sexual satisfaction. The Massachusetts 
Male Aging Study found that 35% of men aged 40-70 years reported 
moderate or complete erectile dysfunction. 4 Severity and 
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Figure 32.1 Anatomy of the penis. (Modified from Baxter GM 
and Sidhu PS. Ultrasound of the Urogenital System. Thieme, 
Stuttgart, 2006, Ch. 12, Diseases of the penis with functional 
evaluation by Wilkins CJ, Sidhu PS.) 


Figure 32.2 Arterial supply of the penis. 
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Figure 32.3 Ultrasound appearances of the penis. A: In the flaccid state, the paired corpora cavernosa (long arrows) are of low 
reflectivity and contain the cavernosal arteries (short arrows). The higher reflective corpora spongiosum (arrowhead) contains the urethra. 
B: During tumescence, the corpora cavernosa expand with blood resulting in pockets of low reflectivity forming (short arrows). The 
cavernosal arteries are more prominent (long arrow). 


prevalence increase with age and it is estimated that between 20 
and 30 million men in the USA are affected by erectile 
dysfunction. 5 

Following the discovery that intra-cavernosal injection of vasoac¬ 
tive agents can produce an erection in the absence of sexual arousal, 
our understanding of the physiology of the erectile process has 
improved. 6 Recently, the introduction of effective oral therapies 
such as sildenafil, a phosphodiesterase type 5 (PDE-5) inhibitor, has 
revolutionised the management of erectile dysfunction. There has 
been a decline in the role of stimulated colour Doppler ultrasound 
(CDUS) and other radiological tests in the evaluation of erectile 
dysfunction. Often a Trial' of a PDE-5 inhibitor serves as an initial 
diagnostic test: efficacy confirms the adequacy of penile arterial 
inflow and veno-occlusive erectile mechanisms and eliminates the 
need for further testing. Furthermore, surgical procedures for the 



Figure 32.4 Longitudinal image of the prominent cavernosal 
artery (arrow). 
































Stimulated colour Doppler ultrasound 


treatment of venous leaks have poor long-term clinical outcomes. 
Despite this, patient pressure means that surgical correction for 
venous leak, whilst controversial, is still carried out in some centres. 
The use of arterial reconstructive surgery is indicated only in a 
small group of patients with new onset focal arterial occlusion with 
few or no features of systemic vascular disease. 7,8 

However, a CDUS examination remains useful; experience shows 
that many patients benefit psychologically from a normal test 
result. Additionally, CDUS imaging of the penis is important in the 
pre-assessment of patients due to undergo revascularisation surgery 
following penile trauma, and to document vascularity prior to 
surgery for Peyronie's disease. 9 There is also evidence that erectile 
dysfunction may be an early marker of peripheral and coronary 
atherosclerotic disease. 10 Pooled data suggests that a normal arterial 
response to prostaglandin El has a negative predictive value for the 
presence of coronary artery disease of 84%, whilst a diminished 
response has a positive predictive value of 32%. 

Physiology of the erectile process 


Penile erection is the consequence of neurovascular events trig¬ 
gered by a combination of psychological and hormonal factors. 
Increased cavernosal artery blood flow results in filling of the sinu¬ 
soids of the corpora cavernosa. This leads to an elevation of pres¬ 
sure in the corpora as the sinusoids distend within the non-compliant 
tunica albuginea. The rise in intra-tunica pressure compresses the 
sub-tunica venous plexuses between the trabecula and tunica 
albuginea. In turn, this partially occludes venous drainage from the 
penis and results in tumescence. Complete occlusion of venous 
outflow is achieved during sexual activity by compression of the 
engorged corpora cavernosa at their base by contraction of the 
ischio-cavernosal muscles. This final stage results in rigidity. During 
tumescence intra-cavernous pressures reach approximately 
100 mmHg and when rigid the pressure may rise to several hundred 
mmHg. 

Erectile dysfunction is the result of a failure of this process and 
may be due to neurogenic, psychogenic, vascular (arterial or 
venous) causes, or as the result of disruption of the tunica albug¬ 
inea, post-traumatic or more commonly due to Peyronie's disease. 
Alternatively it may be due to patient medication or systemic dis¬ 
orders such as diabetes mellitus with multifactorial causes not 
uncommon. 


STIMULATED COLOUR DOPPLER 
ULTRASOUND 


Pharmacological agents 


Prostaglandin E-l (PGE-1) is the most widely used agent for phar¬ 
macological stimulation of the penis. The normal dosage of PGE-1 
is between 10 and 20 pg. Practice varies, but most commonly 20 pg 
is administered at the outset of the test. An alternative is to assess 
the erectile response after an initial dose of 10 pg and if inadequate 
a second 10 pg injection is administered. However, the examination 
is significantly shortened with the single dose method and use of a 
single dose minimises patient discomfort and anxiety. PGE-1 is 
widely reported as a safe treatment but there is a small risk of pria¬ 
pism (less than l%). n Papaverine, the second most commonly used 
stimulant, has a reported incidence of iatrogenic priapism of up to 
18%. 12 Regardless, patients should be fully informed of the risks and 
given appropriate advice. One possible strategy is that patients with 
an erection lasting longer than 4 hours be given direct access to an 
on-site urology opinion to ensure prompt treatment. During stimu¬ 
lated CDUS, absence of cavernosal artery flow or a resistance index 
greater than 1.00 (absent diastolic flow) was thought to be highly 
specific in predicting priapism. However, experience suggests that 


absence of diastolic flow is a frequent occurrence in the 'normal' 
responder, and is not a sinister finding. 13 More recent work has 
found that the absence of systolic flow at 1 hour following intra- 
cavernosal injection of a stimulant is a more useful predictor and 
warrants immediate treatment and admission. 14 Imaging all patients 
at 1 hour post procedure would be impractical and a 4-hour return 
to receive prompt treatment based on patient self-assessment has 
been shown to work well. 3 

Technique 


The stimulated CDUS examination should be performed with a 
chaperone, in a setting that offers patient privacy with little possi¬ 
bility of interruption. A high-frequency linear 'small parts' trans¬ 
ducer with a small footprint is required. Intra-cavernosal injection 
of PGE-1 is performed with a small-bore needle (typically 30G). The 
ideal injection site is between the proximal and mid thirds of the 
shaft at the dorsolateral aspect. Following injection of the vasoactive 
substance the angle-corrected velocity of either the left or the right 
cavernosal artery is recorded at 5-minute intervals from baseline up 
to 30 minutes. 15 Tumescence and rigidity are documented. 

Colour flow Doppler ultrasound of the cavernosal arteries should 
be performed with the probe positioned at the base of the penis on 
the ventral surface. The angle for Doppler analysis needs to be 
optimised (<60°) with box-steering, angle correction and orientation 
of the probe to ensure reproducible, valid measurements. The peak 
systolic velocity (PSV) of the cavernosal artery varies according to 
the location of sampling, with higher velocities more proximally. 16 
Measurement of the spectral Doppler trace is most reproducible at 
the base of penis where the angle of the cavernosal vessel is not 
parallel with the probe. 9 Self-stimulation has been advocated as an 
adjunct to pharmacological stimulation in order to obtain a maximal 
response, although the risk of ejaculation (which would necessitate 
a repeat of the test on a separate occasion) needs to be considered 
and patients should be advised to stop prior to this. 17 

Baseline imaging 


Baseline B-mode US imaging is performed in longitudinal and 
transverse planes with the penis held by the patient in the anatomi¬ 
cal position. Before injection of the stimulant detailed ultrasound 
examination of the penis is required. This allows selection of an 
appropriate site for injection. Significant abnormalities such as 
fibrotic plaque disease, focal cavernosal fibrosis, arterial calcifica¬ 
tion or tunica disruption may be detected. Ultrasound imaging 
prior to injection allows the observer to distinguish between true 
calcification/fibrosis abnormalities and the spurious appearance of 
calcification /fibrosis of the corpora which may occur following 
inadvertent intra-cavernosal injection of air bubbles 18 (Fig. 32.5). 
The cavernosal arteries range in diameter from 0.3 mm in the flaccid 



Figure 32.5 Air in the corpora cavernosa. Following the 
intra-cavernosal injection of a vasoactive substance, air (arrows) 
causing acoustic shadowing is present at the injection site in the 
corpora cavernosa. 
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Figure 32.6 Cavernosal artery duplication. In this transverse 
image of the penis, there are two (arrows) cavernosal arteries 
present in the left corpora cavernosa. 


state to 1.0 mm during erection. 6,7,19 The PSV of the cavernosal 
artery in the flaccid penis in normal patients is 10-15 cm/s. This 
value should be documented and further sampling during the 
study should be performed in the same location. 

Normal response 


During the pharmacologically induced erection, dynamic assess¬ 
ment of the spectral Doppler waveform is performed. Maximal 
arterial engorgement occurs early in tumescence and allows colour 
mapping of the vessels. Variations such as bifurcation, duplication 
and a common origin of the cavernosal arteries are often seen 20 (Fig. 
32.6). Cross communications between left and right cavernosal 
arteries are present in virtually all patients. 19 Anomalies may lead 
to a reduction in the PSV in the absence of significant arterial insuf¬ 
ficiency and therefore measurements obtained may result in false 
positive results. 21 If there is definite asymmetry of the cavernosal 
arteries, this should be documented and both arteries sampled 
during the course of the assessment. A focal stenosis may result in 
high-velocity 'jets' at the site of narrowing on colour Doppler US 
and, more distally, in damped pulsatility. The helicine arteries are 
not visible in the flaccid penis but become apparent during the 
onset of erection and branch in a radial direction from the cavern¬ 
osal arteries (Fig. 32.7). During the course of tumescence, erection 
and full rigidity the helicine arteries become less visible as progres¬ 
sive venous occlusion leads to a reduction and finally cessation of 
penile inflow. 19 

Pharmacologically induced erection follows a predictable 
sequence of changes on CDUS in patients without erectile dysfunc¬ 
tion. Schwartz et al. 22 divided this sequence into stages. 

■ Phase 0: Prior to injection the dorsal arteries of the penis are 
more clearly identified than the cavernosal arteries. In about 
one-third of patients colour and spectral Doppler analysis of 
the cavernosal artery prior to stimulation is not possible. The 
normal spectral waveform at this stage is monophasic with a 
high resistance pattern showing minimal or no diastolic flow. 

■ Phase 1: Follows pharmaco-stimulation and marks the onset 
of erection. During phase 1 the systolic and diastolic flow 
increase results in continuous flow throughout the cardiac 
cycle. In normal volunteers PSV is usually greater than 

35 cm/s and the peak end-diastolic velocity (EDV) is greater 
then 8 cm/s. 

■ Phase 2: As pressure increases within the corpora cavernosa 
there is a progressive decrease in the diastolic flow. The 



Figure 32.7 Helicine branches of the cavernosal artery 

following pharmaco-stimulation. 


development of tumescence and subsequent veno-occlusion 
results in a reduction in diastolic flow. 

■ Phase 3: Corresponds to no diastolic flow. 

■ Phase 4: Characterised by reversal of diastolic flow and 
represents full erection (Fig. 32.8). 

■ Phase 5: The final stage of rigidity, usually not seen in clinical 
practice, shows a decrease in systolic velocities, which may 
approach zero. 22 

This sequence of events has a variable time course. Assessment 
over 30 minutes is occasionally required to ensure that the maximal 
effect has been attained, although 20 minutes is normally 
sufficient. 23 

Arteriogenic erectile dysfunction 


Maximal PSV of the cavernosal artery following injection of vasoac¬ 
tive agents is the most accurate indicator of arterial disease. The 
average PSV in normal volunteers is between 30 and 40 cm/s. 24 A 
PSV of >35 cm/s is unequivocally normal, whilst a PSV of <25 cm/s 
following adequate stimulation indicates definite arterial insuffi¬ 
ciency. 18 Intermediate values are not specific and in this group 
sildenafil is often used as some will have mild to moderate arterial 
insufficiency and may benefit 25 (Fig. 32.9). 

Some authors suggest that arteriogenic erectile dysfunction can 
be diagnosed on the basis of the PSV in the flaccid penis. One study 
showed that a cut-off value of 10 cm/s for the PSV in the non-erect 
penis was 96% sensitive and 92% specific in the diagnosis of arterio¬ 
genic erectile dysfunction. 26 The degree of change in the diameter 
of the cavernosal artery during the erectile process provides some 
insight into the degree of arterial insufficiency. In normal patients 
the vessel increases in size by 75-100%, whereas in patients with 
arteriogenic erectile dysfunction this figure is usually less than 
75%. 23 However, the increase in the baseline diameter following 
pharmacological stimulation does not correlate with either the 
measured PSV or clinical grading of erection and it is not routine 
to measure arterial diameters. 27 

Veno-occlusive erectile dysfunction 


Ultrasound may be used to diagnose veno-occlusive dysfunction in 
patients with normal arterial inflow. Having established a normal 
arterial response with a PSV >35 cm/s, an EDV of >5 cm/s is 
usually accepted as the level above which a venous leak is 









Stimulated colour Doppler ultrasound 





Figure 32.8 Normal pharmaco-stimulated colour Doppler 
ultrasound examination of the penis. A: At 5 minutes post¬ 
injection, there is increased flow into the penis with forward flow in 
diastole, measured at 6.6 cm/s. B: At 10 minutes, the peak systolic 
velocity measures 67.3 cm/s; this indicates that there is no arterial 
abnormality to compromise blood flow into the penis. The end- 
diastolic velocity remains above the baseline. C: At 15 minutes, the 
end-diastolic velocity is a negative value, -5.3 cm/s; there is 
integrity of the venous drainage with no leaking of blood from the 
penis. 



Figure 32.9 Arterial erectile dysfunction. The peak systolic 
velocity remains at 27.5 cm/s despite three doses of PGE-1. The 
end-diastolic velocity remains elevated at 6.7 cm/s; venous integrity 
cannot be assessed in the presence of arterial erectile dysfunction. 


present. 28,29 The resistive index (RI) may be used as an alternative 
measure for the diagnosis. An RI of less than 0.8 with a normal PSV 
is also regarded as diagnostic of a venous leak. 30 An RI of 1.0 is 
normal. In young patients with good arterial input, reversal of EDV 
should normally be seen and it may be appropriate to lower the 
EDV threshold in this group. As well as forward diastolic flow in 
the cavernosal artery, continuous flow in the dorsal vein or other 
abnormal draining veins may also be seen, but is not a requisite for 
diagnosis 3 (Fig. 32.10). 

Further imaging 


The diagnosis of venous incompetence on ultrasound requires 
normal arterial inflow. In cases with mixed aetiology of erectile 
dysfunction an indeterminate result may be obtained and reflects 
both arterial inflow insufficiency and venous leak. In this group of 
patients, cavernosography and arteriography may be required. 
Cavernosography with cavernosometry remains the diagnostic ref¬ 
erence standard for the diagnosis of venous leak, as this technique 
measures outflow resistance without the need for adequate arterial 
inflow as well as mapping the sites of incompetence. 31 Therefore, 
following a positive CDUS for venous leak, cavernosography is 
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usually required if surgical venous ligation is planned. As previ¬ 
ously discussed, surgical intervention for venous leak has a limited 
success rate and its effects may be short-lived. However, it is a rela¬ 
tively minor surgical procedure and may be the treatment option 
of choice for young patients, providing a temporary improvement 
in symptoms. An alternative treatment is coil embolisation via a 
direct approach using a draining vein. 32 

False venous leak 


Anxiety following injection of PGE-1 may lead to a false positive 
result for venous leak due to elevated adrenergic tone. 11 Increased 
levels of adrenaline prevent complete relaxation of the sinusoidal 



Figure 32.10 Venous erectile dysfunction. At 20 minutes 
following pharmaco-stimulation, the peak systolic velocity measures 
52.1 cm/s; there is no arterial erectile dysfunction. However, the 
end-diastolic velocity measures 13.7 cm/s; this is a clear example 
of a venous cause for erectile dysfunction. 


smooth muscle in the corpora cavernosa and result in a failure of 
the normal veno-occlusive mechanism required for an erection. On 
CDUS this is characterised by forward flow in the cavernosal artery 
throughout the cardiac cycle and is indistinguishable from a posi¬ 
tive finding of venous incompetence. In patients with a suboptimal 
response to PGE-1 injection and features of venous incompetence 
the study may be supplemented by an intra-cavernosal injection of 
phentolamine. Phentolamine is an alpha-adrenoreceptor antagonist 
and has been found to be safe at an intra-cavernosal dose of 2 mg 
with no significant impact on systemic blood pressure. In a study 
by Aversa et al. 33 phentolamine normalised erectile response in 
20/26 patients initially diagnosed with venous leak following injec¬ 
tion with PGE-1 (Fig. 32.11). Phentolamine led to a statistically 
significant increase in the grade of erection, PSV and a decrease in 
EDV in this study. 33 Similar results have been reported in other 
studies. 11 The concern that intra-cavernosal injection of multiple 
vasoactive agents may lead to an increased risk of priapism is 
unfounded. 11,33 

The marked reduction in false positive results has led many 
authors to recommend that intra-cavernosal phentolamine is neces¬ 
sary before a venous leak can be diagnosed by CDUS assessment 
in the younger patient. Furthermore, phentolamine, as an oral prep¬ 
aration, may offer a therapeutic approach in this very specific group 
of patients. 34,35 Venous leak not reversed by phentolamine is highly 
predictive of a structurally based abnormality. 


Haemodynamic parameters for stimulated colour Doppler ultrasound 

• Adequate arterial inflow if PSV >35 cm/s. 

• Borderline arterial inflow if PSV between 35 cm/s and 25 cm/s. 

• Arterial insufficiency if PSV <25 cm/s. 

• If PSV >35 cm/s a venous leak is diagnosed if EDV >5 cm/s. 

• Reversal of end-diastolic flow is expected in younger patients 
with an adequate arterial inflow. 

• Phentolamine may be required in young patients to avoid a 
spurious diagnosis secondary to anxiety-induced adrenergic 
drive. 



Figure 32.11 Colour Doppler ultrasound response to intra-cavernosal phentolamine. A: Following pharmaco-stimulation with 
PGE-1 in this young patient, the peak systolic velocity and the end-diastolic velocity are difficult to interpret; arterial input may be 
insufficient to prevent a venous leak. B: At 25 minutes, 5 minutes after a 2 mg dose of phentolamine, the peak systolic velocity increases 
to 75.7 cm/s and the end-diastolic velocity is negative at -5.4 cm/s; the arterial and venous mechanisms are intact. 
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Peyronie’s disease 


PRIAPISM 


Priapism is defined as an erection that is maintained in the absence 
of sexual stimulation. 17 There are two principal categories: non- 
ischaemic and ischaemic priapism. A further subgroup of 'stutter¬ 
ing' or recurrent priapism has been proposed. 36 Rarely, priapism 
may be a manifestation of an aorto-caval fistula. 37 Diagnosis of pria¬ 
pism is clinical and relies on the history, examination and analysis 
of blood aspirated from the cavernosa. However, ultrasound pro¬ 
vides clinically useful information that may help management. 38 

Non-ischaemic priapism 


Non-ischaemic, high-flow or post-traumatic priapism is a manifes¬ 
tation of damage to the cavernosal arteries resulting in fistula for¬ 
mation between the high-pressure arterial system and the 
low-pressure cavernosal sinusoids. 17 Clinically patients present 
with prolonged tumescence from the time of injury. On aspiration 
the cavernosal blood is oxygenated. Presentation may not be 
immediate as it is usually painless. Patients with non-ischaemic 
priapism may still be able to achieve an erection following 
sexual stimulation. 

B-mode imaging reveals a hypoechoic intra-cavernosal region 
around the damaged cavernosal artery. This abnormality is local¬ 
ised to the site of cavernosal disruption and haematoma formation 
resulting from arterial extravasation. 38 There is elevation of the cav¬ 
ernosal artery PSV and high forward diastolic flow at spectral 
Doppler US examination. The draining veins are often prominent 
and may exhibit arterialised waveforms. 18 Colour Doppler ultra¬ 
sound allows direct imaging of the arterio-sinusoidal fistula. This 
is identified as a focus of high-velocity, turbulent flow superim¬ 
posed on the hypoechoic region demonstrated on greyscale 
imaging. 39 Elective arterial embolisation of the internal pudendal or 
cavernosal artery is often the first-line management of non-ischae¬ 
mic arterial priapism. 40,41 

Ischaemic priapism 


Ischaemic or low-flow priapism is a compartment syndrome caused 
by veno-occlusive problems such as sickle cell disease, or by intra- 
cavernosal injection of vasoactive agents (Fig. 32.12). Ischaemic 
priapism presents with a painful persistent tumescence of the 



Figure 32.12 Ischaemic priapism. In this patient with sickle cell 
disease, there is engorgement of the corpora cavernosa (short 
arrows) and oedema of the overlying tissue (long arrow). 


corpora cavernosa but a soft glans and is a urological emergency 
that requires prompt treatment. The diagnosis is usually clinical. 
Aspiration of the cavernosal blood is both therapeutic and diagnos¬ 
tic. Ischaemic priapism is confirmed by the presence of deoxygen- 
ated blood and a low pH. A low pH indicates a severe degree of 
ischaemia and compounds the risk of corporal fibrosis with con¬ 
comitant loss of erectile function. Imaging is not usually required 
before therapeutic intervention but may have a role if first-line 
measures including aspiration of cavernosal blood and phenyle¬ 
phrine injection fail to significantly improve blood flow. 7 

On B-mode imaging there is engorgement of the cavernosal sinu¬ 
soids as seen in a physiological erection. Due to sedimentation of 
the corpuscular component of blood a fluid-fluid level within the 
corpora cavernosa is visible on ultrasound of the penis if the patient 
is left supine for a few minutes with no penile manipulation. 38 
Colour Doppler ultrasound findings are of low or absent diastolic 
flow with variable, but usually not high, arterial inflow consistent 
with a high resistance vascular bed. 18 


Priapism 

Non-ischaemic: 

• High P0 2 ; oxygenated corporal blood on aspiration. 

• Spectral Doppler waveforms show continuous increased systolic 
and diastolic flow with a low resistance pattern. 

• In the post-traumatic patient AV fistula may be identified and can 
guide therapy. 

Ischaemic: 

• Low P0 2 ; deoxygenated corporal blood on aspiration. 

• Spectral Doppler waveforms show low or absent diastolic flow 
with a high resistance pattern. 

• Oedema. 

Differentiation is necessary as ischaemic priapism requires urgent 

treatment. 


PEYRONIE’S DISEASE 


Peyronie's disease is defined as a combination of penile pain and 
deformity with or without palpable penile plaques. The lack of a 
consensus definition is reflected in the range of reported incidence 
(1-10% of the adult male population). 42 The incidence is highest in 
the 40-60-year-old group. Peyronie's disease is characterised by 
formation of plaques in the tunica albuginea of the penis. Peyronie's 
disease most commonly presents with a dorsal curvature of the 
penis. However, other malformations including penile shortening, 
bottle-neck deformities (due to annular plaques) and indentations, 
may all occur. Erectile dysfunction is a common association found 
in 20-40% of such patients. Fibrotic plaque formation results from 
vascular inflammation but the aetiology is controversial. Evidence 
does not corroborate the long-held belief that trauma is a primary 
cause. 43 Peyronie's disease may be associated with Dupuytren's 
contracture. 

On ultrasound plaques are most commonly identified peripher¬ 
ally over the dorsum of the penis (Fig. 32.13). Imaging in the region 
of maximal deformity or at the site of a palpable lesion will invari¬ 
ably demonstrate an abnormality. Recent work suggests that the 
fibrotic lesions may be classified into three groups: firstly, hypere- 
choic foci with no acoustic shadow (Fig. 32.14); secondly, those 
lesions with an acoustic shadow; and thirdly, calcified lesions. 
Abnormalities are rarely hypoechoic. 44 It has been suggested that 
the first group represents active fibrotic foci which frequently 
resolve spontaneously. The presence of calcified plaques is consist¬ 
ent with established, non-reversible disease. 45 Abnormal plaques 
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Figure 32.13 Peyronie’s disease. Linear calcification (arrows) in 
the corpora cavernosa, causing acoustic shadowing; likely 
Peyronie’s disease. 


Figure 32.15 Malignant tumour of the penis. A poorly 
vascularised mass (arrow) in the distal shaft of the penis; a 
squamous cell carcinoma. 
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Figure 32.14 Peyronie’s disease. Focal area of altered reflectivity 
(arrows) in the corpora cavernosa; likely Peyronie’s disease. 


Peyronie’s disease 

• Plaques may or may not be calcified. 

• In the flaccid state plaques can be difficult to visualise, but may 
become apparent during tumescence; image at the site of 
maximal curvature. 

• Both arterial and venous diseases are more common in 
Peyronie’s disease - mixed aetiology is often present requiring 
careful assessment to guide therapy. 

• Plaques and/or fibrosis may occur following treatment with 
PGE-1 and can necessitate cessation of treatment. 


may extend beyond those that are palpable to involve the corporal 
tissue or the inter-cavernosal septum and these may be visible on 
ultrasound. 46 Focal or diffuse thickening of the tunica (which 
becomes more apparent following pharmacological stimulation) 
may be the only ultrasound feature. 47 

Distortion of the tunica albuginea results in a higher incidence of 
venous erectile dysfunction than in the general population. Rarely, 


plaque may encase the cavernosal arteries and cause arterial erectile 
dysfunction. 48 Furthermore, there is also an increased incidence of 
arterial and mixed vascular abnormalities. 49 B-mode assessment of 
calcification allows patient selection for lithotripsy therapy, and 
CDUS examination is important prior to possible corrective surgery, 
to ascertain the course of the cavernosal arteries in relation to 
plaques. 50 


PENILE FIBROSIS 


Penile fibrosis may result from a number of causes. Without prompt 
treatment ischaemic priapism will cause fibrosis of the cavernosal 
tissue, producing diffuse cavernosal fibrosis. On ultrasound this is 
recognisable as replacement of normal sinusoidal tissue in the 
corpora cavernosa by ill-defined hyperechoic regions. Regular self¬ 
injection with intra-cavernosal stimulation therapy for erectile dys¬ 
function, in particular papaverine, may cause focal areas of penile 
fibrosis to develop. 51 Ultrasound examination can delineate areas of 
fibrosis allowing follow-up and guiding decisions on therapy. 52 In 
some patients there may be intra-corporal calcification without any 
associated plaque and this is thought to result from regions of focal 
fibrosis or possibly previous trauma. 53 


PENILE MASSES 


Primary penile malignancies are rare. Squamous cell carcinoma 
accounts for up to 95% of malignancies of the penis and is most 
commonly located at the glans (Fig. 32.15). Squamous cell carci¬ 
noma is associated with human papilloma virus (types 16 and 18) 
and is more common in the developing world. Other primary 
malignancies include melanomas, basal cell carcinoma and lym¬ 
phoma. 54 Metastatic spread of malignancy to the penis may be 
either haematogenous or lymphatic. Metastases should be sus¬ 
pected in patients with a known primary malignancy and new 
onset priapism. Ultrasound is the preferred imaging modality for 
penile malignancy. 21,55 Ideally, it should be performed following 
injection of PGE-1. Ultrasound can assist in identifying the depth 
of tumour invasion and, specifically, allows evaluation of corpora 
cavernosal infiltration. It has been shown to be more accurate than 
clinical examination in determining the extent and size of the 
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Figure 32.16 Penile prosthesis. The low reflective area (arrow) 
within the shaft of the penis is clearly of an artificial nature. 


tumour. 56 Detection of local lymph nodes is readily performed 
using ultrasound; however, assessment of microscopic infiltration 
is not possible. 21,55 

On ultrasound squamous cell carcinoma tends to be hypoechoic, 
relatively heterogeneous and typically poorly vascularised on 
CDUS. Interruption of the echogenic tunica albuginea indicates 
malignant infiltration. 57 Ultrasound is of limited value in large 
tumours and MR imaging is generally indicated in this context. The 
appearances of secondary disease are similar to those of primary 
penile cancer involving the corpora. 58 

Other masses occurring in the penis include those found in the 
skin and subcutaneous tissues elsewhere including cysts, lipomas 
and neurofibromas. A further unusual 'mass' which may be encoun¬ 
tered is a penile prosthesis, easily identifiable by parallel highly reflec¬ 
tive walls and the 'man-made' symmetrical structure (Fig. 32.16). 


PENILE TRAUMA 


Blunt trauma to the flaccid penis rarely causes a fracture, but may 
result in extra-tunica or cavernosal haematoma formation. Penile 
fractures most commonly occur as a result of compression of the 
erect penile shaft against the pubic symphysis during sexual inter¬ 
course. Presentation is usually acute with a history of pain, swelling 
and sudden loss of tumescence during intercourse. 43 The principal 
role of ultrasound in the acute setting is to identify defects in the 
tunica albuginea and to allow assessment of the extent of acute 
haematoma formation (Fig. 32.17). Ultrasound aids diagnosis in 
cases where the history or clinical findings are atypical. Identifica¬ 
tion of a tunica defect should prompt immediate surgical repair as 
delay in treatment of over 24 hours following the initial injury 
significantly increases the risk of long-term sequelae. 59 

Complications of penile fracture include corporal fibrosis with or 
without plaque formation, disruption of the tunica albuginea and 
urethral disruption. 59,60 Urethral injury may be present in up to 20% 
of cases. 61 If there is clinical concern about a urethral injury then 
formal urethrography is required. Erectile dysfunction due to 
impairment of the veno-occlusive mechanism may also occur. 62 


URETHRAL ULTRASOUND 


Formal urethrography supplemented by urethroscopy remains the 
imaging modality of choice for the assessment of the male urethra. 



Figure 32.17 Penile fracture. A transverse image through the 
penis demonstrating a haematoma (short arrows) displacing the 
normal structures of the penis (long arrow) as a consequence of a 
fracture. 


Urethrography involves ionising radiation, whilst urethroscopy is 
invasive and may introduce infection. Ultrasound allows visualisa¬ 
tion of the structures around the urethra whilst these other tech¬ 
niques essentially provide luminal views. Some practitioners have 
advocated the use of ultrasound for evaluating the urethra. Using 
high-frequency linear probes the normal anterior (bulbar and 
penile) urethra is visualised when distended with fluid. Lidocaine 
gel or normal saline may be used to obtain urethral distension in a 
retrograde direction via the urethral meatus in a manner analogous 
to conventional urethrography. Alternatively, antegrade passage of 
urine with constriction of outflow at the glans by means of a clamp 
or the patient's fingers during the ultrasound examination may be 
utilised. Images are acquired in longitudinal and transverse planes. 
Imaging of the posterior urethra is more problematic but may be 
performed with a transrectal probe. Micturating images of the pos¬ 
terior urethra with the probe in situ allow high-resolution images 
of the posterior urethra. However, the self-evident problems of 
micturition with the probe in place limit the value of this 
technique. 

The anterior (bulbar and penile) urethra is of relatively uniform 
diameter and measures up to 1.0 cm across. The walls are smooth 
and highly reflective. Strictures, intra-luminal masses and calculi 
are well visualised. 

Ultrasound of the urethra serves as an important adjunct to other 
imaging modalities in the evaluation of stricturing disease. In par¬ 
ticular, bulbar urethral strictures, which tend to be focal, benefit 
from ultrasound evaluation in order to determine the best treat¬ 
ment. The presence of abnormal peri-urethral tissue, which meas¬ 
ures more than 3 mm, is predictive of poor outcome unless surgical 
resection is performed. 63 Ultrasound has been shown to be more 
accurate in the measurement of the length of strictures in the bulbar 
urethra than conventional urethrography. 64 Accurate evaluation of 
stricture length is important as it in part determines the decision to 
graft or excise a stricture. 63 
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INTRODUCTION 


The adrenal glands are small, paired organs which lie anteromedial 
to the upper pole of the kidneys and may therefore be challenging 
to visualise with ultrasound. Initial descriptions of adrenal ultra¬ 
sound reported that the right adrenal was easier to visualise than 
the left. 1,2 Recent improvements in ultrasound technology have 
increased the sensitivity of abdominal ultrasound in the detection 
of adrenal lesions such that lesions less than 1 cm may be identified. 
Lesion detection, however, depends on a number of factors, in 
particular patient habitus, and whilst lesions as small as 5 mm can 
be detected if visualisation is good, when imaging is suboptimal, 
lesions under 2 cm in diameter may not be identified. In cases 
where there is doubt as to the presence of a lesion or in obese 
patients where an adrenal lesion is suspected, computed tomogra¬ 
phy (CT) is the initial imaging modality of choice. Whilst magnetic 
resonance (MR) and CT imaging are undoubtedly better imaging 
modalities for characterisation of adrenal masses, there are certain 
lesions that have characteristic ultrasound appearances. Adrenal 
lesions detected at ultrasound may be the first manifestation of 
malignancy or may be benign and incidental. Ultrasound of the 
adrenal glands is also particularly useful in children, when radia¬ 
tion dose reduction is paramount and the glands are more readily 
visualised than in adults. 


ANATOMY AND SCANNING TECHNIQUES 

Embryologically, the adrenal cortex is of mesodermal origin and the 
medulla develops from neuroectodermal tissue. The cortex pro¬ 
duces hormones including cortisol, aldosterone and androgens and 
consists of three layers: the zona glomerulosa (outermost layer), 
zona fasciculata (largest, middle layer) and the zona reticularis 
(innermost layer). The more central adrenal medulla is smaller and 
secretes adrenaline, noradrenaline and dopamine. The adrenal 
glands are yellowish in colour, weigh approximately 4 g each and 
measure 3-6 cm in length, 2-3 cm in width and 2-6 mm in thick¬ 
ness. Each consists of an anteromedial ridge from which two thin 
limbs extend posteriorly. 

The right adrenal is pyramidal in shape, lying between the infe¬ 
rior vena cava (IVC) and right crus of diaphragm. The inferior 
aspect of the gland never extends caudally to the level of the renal 
vessels. 3 The left adrenal is crescentic in shape and lies more crani- 
ally than its counterpart. The medial and lateral limbs are also 
shorter than those on the right. It lies lateral or slightly posterior to 
the aorta and lateral to the left crus of diaphragm. Superiorly, it lies 
posterior to the lesser sac, and more inferiorly, it is posterior to the 
pancreas. The glands receive their blood supply from the inferior 
phrenic arteries, renal arteries and directly from the aorta. There is 
usually a single adrenal vein that drains into the vena cava on the 
right and into the left renal vein on the left. 4 

The position of the adrenals as described requires an intercostal 
scanning approach using the acoustic window of the liver on the 
right and the spleen on the left. To visualise the right adrenal, the 
transducer is placed in the ninth or tenth intercostal space in 
the mid or anterior axillary line. Scanning transversely, the trans¬ 
ducer is gently rotated to move the field of view from the renal 
hilum upwards to a few centimetres above the kidney, concentrat¬ 
ing on the region behind the IVC and directly adjacent to the right 
diaphragmatic crus. In the upper transverse section on the right a 
vertical linear or curvilinear structure corresponding to the antero¬ 
medial ridge and medial limb is seen. In the middle section both 
limbs are seen as an inverted 'V' or 'Y'. Through the inferior portion 
of the gland only the lateral limb may be seen as a horizontal band. 
Coronal or longitudinal sections are obtained by rotating the trans¬ 
ducer through 90°. The upper pole of the right kidney is located and 
the transducer angled medially. Both limbs of the gland may be 
simultaneously displayed as a thin, long inverted 'V'- or 'Y'-shaped 
structure up to 6 cm in length. A further small medial angulation is 
necessary to visualise the anteromedial ridge of the gland in this 
plane where it lies posterior to the IVC. 

The left adrenal gland is more difficult to image because of the 
smaller acoustic window available through the spleen. The trans¬ 
ducer is placed on the eighth or ninth intercostal space in the pos¬ 
terior axillary line, avoiding stomach or bowel gas, to give a coronal 
scan. The upper pole of the kidney should first be located through 
the spleen. A small angulation of the transducer towards the ante¬ 
rior aspect of the kidney will demonstrate the left adrenal gland in 
the perirenal space between spleen, kidney and left diaphragmatic 
crus. This is best recognised when both limbs are shown, displaying 








Normal appearances 


the characteristic 'V' shape. A transverse section is obtained by 
rotating the transducer through 90°. Due to the relative difficulty 
in demonstrating the left adrenal gland, additional views in right 
lateral decubitus and erect positions may be helpful. With high- 
resolution real-time scanning, the normal right adrenal gland is 
demonstrated in 92% of patients and the left gland in 71%. 5 


NORMAL APPEARANCES 


The adrenal cortex appears of low reflectivity on ultrasound. The 
medulla is seen as a thin linear reflective structure in the centre of 
the cortex in up to 13% of adults 5 (Fig. 33.1). This is a particularly 
prominent feature in the neonatal or fetal adrenal gland (Fig. 33.2). 
At birth the neonatal adrenal cortex is relatively thick and is com¬ 
posed of two layers: the thick fetal zone (primitive cortex) occupy¬ 
ing 80% of the gland and the thin peripheral zone that becomes the 
adult cortex. 6 The fetal cortex synthesises most of the precursors for 
maternal oestrogens and is one of the main consumers of placental 
progesterone. It involutes after birth and disappears by the age of 
one year. 

The neonatal adrenal gland is readily visualised for several 
reasons: 

1. The infant gland is proportionally larger. At birth it is 
one-third of the size of the kidney, for which it can be 
mistaken if the kidney does not lie in its normal position. 
During the first week of life, the adrenal reduces in size. 6 

2. The small amount of perirenal fat in neonates allows for 
better resolution. 

3. The small size of the subject means that higher frequency 
transducers are routinely used, further optimising overall 
resolution. 

The contour of the normal adrenal gland is flat or concave and 
convexity should be regarded with suspicion. It is important to 
examine the whole of each gland since small masses may affect only 
part of the gland, leaving the remainder with a normal appearance. 
Upper pole renal cysts and masses may be mistaken for adrenal 
lesions and similarly a prominent diaphragmatic crus or splenun- 
culus may also mimic adrenal pathology. 



Normal adrenal gland 

• Measures up to 0.6 x 3 x 6 cm. 

• Blood supply: inferior phrenic arteries, renal arteries, aorta. 

• Right: pyramidal in shape; left: crescentic shape. 

• Right adrenal visualised in 92%; left in 71%. 

• Medulla: linear reflective structure, seen in neonates and 13% of 
adults. 

• Flat or concave contour. 



Figure 33.1 Longitudinal ultrasound image of a normal right 
adult adrenal gland. The body of the gland (arrow) and both limbs 
(arrowheads) can be clearly delineated. 



Figure 33.2 Normal neonatal adrenal glands. A: Longitudinal view of the right adrenal gland in a neonate. Note the clear distinction 
between the low reflectivity cortex and higher reflectivity medulla. B: Transverse image showing both adrenal glands (arrows) in a neonate. 
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Figure 33.3 Congenital adrenal hyperplasia. Note the large size ^ ure 33 - 4 D,s , co,d adrenaL Longitudinal image in a neonate, 
of the gland (compared with the normal neonatal adrenal - Fig. ™ era . IS left / enal a 9 aneais - Th u e f ' atteaed elongated left adrenal 

33. 2A) and pronounced corticomedullary differentiation. 9 land 18 well visualised through the spleen. Note the marked 

corticomedullary differentiation. 



Figure 33.5 Adrenal cyst. A: Well-defined 
anechoic left adrenal lesion, typical of a 
simple cyst. B: Corresponding axial CT image 
showing a homogeneous cystic left adrenal 
lesion with a thin wall. 


CONGENITAL ANOMALIES 


Agenesis 


Unilateral adrenal agenesis is described 7 but is rare. The contralat¬ 
eral gland will characteristically show compensatory hypertrophy 
Bilateral adrenal agenesis is not compatible with life. 

Hyperplasia (adrenogenital syndromes) 


Congenital adrenal hyperplasia is an autosomal recessive disorder 
due to an inborn error of metabolism. A number of syndromes are 
described; 8 the most common are termed 'adrenogenital syndromes' 
and demonstrate clinical manifestations of virilisation. Ultrasound 
is useful in assessing adrenal size in this situation (Fig. 33.3). 

Discoid adrenal 


The adrenal gland is normally present in patients with renal agen¬ 
esis. Renal agenesis may be associated with the loss of the normal 


folding of the adrenal gland into a medial and lateral wing. The 
gland becomes flattened and elongated, producing a typical discoid 
shape. This may be particularly well seen in neonates when the 
gland is proportionally larger and the zonal architecture is still seen 
(Fig. 33.4). 


ADRENAL CYSTS 


Adrenal cysts are benign and rarely symptomatic, most being 
encountered as incidental findings, which do not require any inter¬ 
vention. 9 If they become large, however, adrenal cysts may cause 
discomfort or pain due to displacement of adjacent structures. They 
are usually unilateral but occur with equal frequency on both sides 
and are three times more common in women than men. Cysts are 
well-defined anechoic structures and usually have a thin wall (Fig. 
33.5). Occasionally, the cyst wall may calcify. 

Adrenal cysts can be divided into the following subtypes: 

■ Endothelial. This is the most common adrenal cyst, 

accounting for nearly half of all reported cases. 10 These are 
mostly lymphangiomatous in origin but some are 
angiomatous. 












Tumours 


■ Pseudocysts. These may occur as the result of haemorrhage or 
tumour and account for approximately 40% of adrenal cysts. 

■ Epithelial. Epithelial glandular cysts account for 9% of 
adrenal cysts. 

■ Parasitic. Echinococcal infection is the most common cause. 


ADRENAL HAEMORRHAGE 


Adrenal haemorrhage is most commonly related to trauma and can 
occur in up to 25% of severely injured patients. 11 In most cases this 
will be associated with ipsilateral thoracic, abdominal or retroperi¬ 
toneal injury. 12 The majority of such patients will be imaged with a 
'multitrauma' CT scan which will detect adrenal haemorrhage and 
so ultrasound has a limited role in this regard. 

The neonatal adrenal gland undergoes a marked reduction 
in size following birth. The vessels in the primitive adrenal cortex 
become distended and are prone to haemorrhage. The exact cause 
of haemorrhage in neonates is unknown, but stress and birth 
trauma, anoxia and systemic disease are all implicated. Infants 
usually present within 2-7 days of birth. Haemorrhage is more 
commonly seen on the right side although up to 10% are 
bilateral. 13 - 15 

In adults the hypertrophic adrenal gland caused by adrenocorti- 
cotrophic hormone (ACTH) therapy or severe stress may also be 
more prone to haemorrhage. Sepsis secondary to meningococcal 
infection and anticoagulant therapy can also predispose to 
haemorrhage. Division of the right adrenal vein during 
orthotopic liver transplantation has also been reported to cause 
venous congestion and haemorrhagic infarction of the right adrenal 
gland. 16 

At ultrasound, adrenal haemorrhage has a variable appearance 
depending on the timing of imaging. Acutely, adrenal haematomas 
are often anechoic but may be more reflective due to fibrin strand 
formation as resolution occurs (Fig. 33.6). They become smaller and 
reduce in reflectivity over time. Haematomas may completely 
resolve, calcify or remain as a residual adrenal cyst 13 and they rarely 
require any intervention. Serial ultrasounds are, however, useful in 
excluding an underlying tumour as a cause for adrenal haemor¬ 
rhage. Where there is any doubt as to the diagnosis or concern 
regarding underlying adrenal pathology, CT and/or MRI can be 
useful to confirm the presence of haemorrhage and also have a role 
in follow-up. In neonates, however, ultrasound remains the imaging 
modality of choice. 


HYPERPLASIA 


Diffuse adrenal enlargement may occur in diffuse bilateral hyper¬ 
plasia in conditions such as Cushing's syndrome. In most patients 
the enlargement will be slight and this is extremely difficult to 
detect with confidence using ultrasound. When the glands are sig¬ 
nificantly enlarged (approximately double their normal size), dem¬ 
onstration of the medulla allows differentiation of hyperplasia from 
a diffuse infiltrative process such as lymphoma, when the medulla 
cannot be identified. 17,18 


ADRENAL CALCIFICATION 


Adrenal calcification may rarely be noted as an incidental finding 
on plain abdominal X-rays or at routine ultrasound examination of 
the upper abdomen. It can result from previous adrenal haemor¬ 
rhage or be related to adrenal tuberculous infection. A less com¬ 
monly seen pattern of curvilinear calcification may be seen in the 
wall of an adrenal cyst. 


TUMOURS 


It is most common for adrenal tumours to enlarge the adrenal gland 
focally, although diffuse enlargement may occur. A focal mass is 
normally oval or round and may vary enormously in size. A small 
adrenal mass is easier to delineate than the normal adrenal gland 
because its diameter usually exceeds that of the adrenal. Its overall 
reflectivity is low, in contrast to the high reflectivity of the sur¬ 
rounding fat. Ultrasound has been reported to have an overall 
accuracy of 95% in the evaluation of adrenal masses over 1 cm in 
size. 19 Even when a normal adrenal gland is not visualised, if the 
adrenal area is thoroughly scanned and no mass can be identified, 
tumour can be fairly confidently excluded. 20 To differentiate an 
adrenal from a renal mass, a separating interface must be demon¬ 
strated. A right adrenal tumour typically compresses or displaces 
the I VC forwards. 21 A large adrenal tumour usually displaces the 
upper pole of the kidney laterally or the whole kidney interiorly. 
Occasionally, the tumour may extend downwards anterior to the 
kidney without much displacement. Larger masses may indent 
the liver or kidney. Whilst smaller tumours are usually fairly 



Figure 33.6 Subacute right adrenal haemorrhage in a neonate. A: The ultrasound appearances are of a solid mixed reflectivity mass. 
B: CT image in the same child confirms the presence of mixed attenuation within the right adrenal, with higher attenuation areas signifying 
recent haemorrhage. 
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homogeneous, focal areas of necrosis or haemorrhage are more 
likely to occur in larger masses, resulting in a more heterogeneous 
appearance. 21 

Benign 


Adenomas 

These tumours are common incidental findings, being reported in 
up to 3% of adult autopsies. 22 Approximately 10% of adrenal adeno¬ 
mas are bilateral and their incidence increases with age. They are 
usually small and measure 1-2 cm in diameter. Whilst most adeno¬ 
mas are non-functioning and detected incidentally, they may be 
hyperfunctioning and present with symptoms related to excessive 
hormone (cortisol or aldosterone) secretion. 

Adenomas that secrete excessive amounts of cortisol result in 
Cushing's syndrome, which is characterised by truncal obesity, hir¬ 
sutism, amenorrhoea, hypertension and weakness and can also be 
caused by adrenal hyperplasia, adrenal carcinoma or exogenous 
corticosteroid administration. Conn's syndrome results from the 
excessive secretion of aldosterone, which is due to an adrenal 
adenoma in 70% of cases. Women are more likely to have hyper al¬ 
dosteronism due to an adenoma, whereas men with hyperaldos¬ 
teronism are more likely to have underlying adrenal hyperplasia. 23,24 
Symptoms include hypertension, weakness, tetany and ECG abnor¬ 


malities and biochemical tests reveal hypokalaemia, hypernatrae- 
mia and raised urine and serum aldosterone levels. 

The majority of adrenal adenomas are found incidentally at CT 
examination, although routine abdominal ultrasound may also 
detect them. The intracytoplasmic lipid content of adrenal adeno¬ 
mas allows their diagnosis by unenhanced CT imaging 25 or opposed 
phase chemical shift MRI. 26 At unenhanced CT imaging, 98% of 
homogeneous adrenal masses with a CT attenuation value of 10 
Hounsfield units or less will be benign, with the majority of these 
being adenomas, although 29% of adenomas will have a greater 
attenuation value and are hence indistinguishable from non¬ 
adenomas, including metastases. 27 At ultrasound, adrenal adeno¬ 
mas appear solid, rounded (Fig. 33.7) or slightly flattened (Fig. 33.8) 
and well defined. They are homogeneous and of low reflectivity. 

Myelolipomas 

Adrenal myelolipoma is a rare cortical tumour composed of 
varying proportions of fat and bone marrow elements. 28,29 There is 
no malignant potential and the lesions are endocrinologically non¬ 
functioning. They arise in the zona fasciculata of the gland. Myelol¬ 
ipomas are usually asymptomatic and discovered incidentally 
although they may cause symptoms if they undergo haemorrhage 
or become large and exert a local pressure effect on adjacent struc¬ 
tures. They have a prevalence at postmortem of 0.08% to 0.2%. 30 On 
ultrasound these rare tumours are characteristically highly reflective. 



Figure 33.7 Rounded adrenal adenoma. 

A: Well-defined, small rounded right adrenal 
lesion (callipers). B: CT in the same patient 
confirmed this to represent an adrenal 
adenoma (arrow). 



Figure 33.8 Flattened adrenal adenoma. A: Well-defined, low reflectivity right adrenal lesion with a more linear morphology (arrow). 
B: CT in the same patient confirmed a right adrenal adenoma (arrow). 






Tumours 


due to their fat content (Fig. 33.9A). They may also contain calcifica¬ 
tion. If discovered incidentally at ultrasound, CT should be per¬ 
formed to confirm the presence of fat in these lesions (Fig. 33.9B). 

Phaeochromocytoma 

Phaeochromocytomas are endocrinologically active tumours that 
secrete adrenaline and noradrenaline, causing paroxysmal head¬ 
ache, palpitations, excessive perspiration and hypertension. They 
are found in up to 1% of patients with hypertension. The majority 
arise within the chromaffin cells of the adrenal medulla but up to 
10% arise in the autonomic nervous tissue, particularly in the 
organs of Zuckerkandl. 31 The majority of adrenal phaeochromocy¬ 
tomas are benign but 5-10% are malignant and up to 5% are 
multiple. Multiple lesions are frequently associated with various 
hereditary syndromes, e.g. multiple endocrine neoplasia (MEN) 
type Ha and lib, von Hippel-Lindau syndrome, neurofibromatosis 
and tuberous sclerosis. The diagnosis may be confirmed by bio¬ 
chemical assay for urinary catecholamines and metabolites, e.g. 
vanillylmandelic acid (VMA). 

Phaeochromocytomas may be large or small at presentation. The 
right adrenal is more commonly affected than the left. Typically, 
when small they are well-defined, round or oval masses with a 
uniform reflectivity. Larger tumours frequently undergo necrosis 
or haemorrhage with loss of homogeneity, and calcification may be 
seen (Figs 33.10 and 33.11). 


Benign adrenal lesions 

• Adenomas (solid, low reflectivity, rounded or flattened). 

• Myelolipomas (highly reflective due to fat content). 

• Phaeochromocytoma (90% benign, variable appearance ± 
calcification). 

• Lipomas. 

• Cysts. 

• Ganglioneuromas. 

• Haemangiomas. 


Other rare benign adrenal lesions include ganglioneuromas, 
haemangiomas 32 and lipomas. The ultrasound features of these 
tumours are non-specific and hence the diagnosis is usually made 
histologically. 


Malignant 


Adrenal cortical carcinoma 

Primary adrenal cortical carcinoma is rare, accounting for 0.2% of 
all cancer deaths. It can arise from any of the layers of the adrenal 
cortex. Approximately half of tumours are endocrinologically 
active 33 and therefore present earlier with features of excess 
hormone production such as Cushing's syndrome. Non¬ 
functioning tumours are often therefore large and have invaded the 
adrenal vein and IVC by presentation. Colour Doppler examination 
may therefore be useful to assess for venous invasion. Nodal and 
blood-borne metastases are common and tumour recurrence fol¬ 
lowing surgery is common. Adrenal carcinoma has a variable 
appearance at ultrasound with larger lesions often exhibiting 
central necrosis or haemorrhage. Tumours are usually well defined 
and some lesions may contain calcification (Fig. 33.12). 

Neuroblastoma 

Neuroblastoma is the second most common abdominal tumour of 
childhood (after Wilms' tumour), with 80% occurring in children 
under 5 years of age and one-third under 2 years of age. It accounts 
for approximately 15% of childhood cancer deaths. 34 Under 1 year 
of age the tumour may spontaneously regress or differentiate into 
a ganglioneuroma. Approximately 35% of neuroblastomas arise in 
the adrenal medulla, with the extra-adrenal paraspinal ganglia and 
posterior mediastinum being other common sites. 35 Neuroblastoma 
may present as an asymptomatic abdominal mass or present with 
symptoms related to metastases or the secretion of catecholamines. 
There may be generalised debility with weight loss and fever. Up 
to three-quarters of patients have metastases at the time of presenta¬ 
tion, with the most commonly affected sites being the bone marrow, 
lymph nodes, liver and skin. 36 



Figure 33.9 Myelolipoma. A: Longitudinal ultrasound image showing homogeneously highly reflective right adrenal mass, typical of a 
myelolipoma. B: Coronal CT reformat in the same patient confirms the presence of fat in the right adrenal lesion (arrow), which also 
contains some linear calcification medially. The left adrenal gland (arrowhead) is normal. 
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Figure 33.10 Phaeochromocytoma. A: Longitudinal ultrasound image showing a large 
solid mass (arrow) displacing the right kidney (arrowhead) interiorly. The slightly 
heterogeneous reflectivity may be a result of haemorrhage. B: Colour Doppler 
examination revealed moderate vascularity within the lesion. C: Coronal magnetic 
resonance image shows the extent of the lesion (arrow), which displaces the right kidney 
(arrowhead) interiorly and the liver superiorly. There was associated bulky retroperitoneal 
lymphadenopathy (LN) but no vascular invasion was identified. 





Tumours 



Figure 33.11 Phaeochromocytoma. A: Well-defined rounded right adrenal lesion. Note the slightly increased reflectivity of the lesion 
compared to the adjacent liver. There is also a small necrotic area (arrow), which is a typical finding in phaeochromocytomas. B: Note how 
the lesion (arrow) indents the posterior aspect of the IVC (arrowheads) - this is a typical finding with adrenal lesions. 
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Figure 33.12 Adrenal cortical carcinoma. A: Large solid right adrenal mass, which is invading 
the adjacent liver (arrows). The areas of increased reflectivity within it probably represent 
haemorrhage. B: The mass is displacing the right kidney (arrowheads) interiorly. C: Sagittal CT 
reformat in the same patient confirms liver invasion (arrows) and inferior displacement of the 
kidney (arrowhead). 
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Figure 33.13 Neuroblastoma in a child. A: Ultrasound image showing a mixed reflectivity rounded 13 cm left adrenal lesion that is 
slightly ill defined. A small left pleural effusion is present. B: CT scan in the same patient confirms the mixed attenuation nature of the 
lesion and helps in planning subsequent management. 



Figure 33.14 Adrenal metastasis. A: Ultrasound imaging revealed a well-defined low reflectivity with central necrotic areas. B: Coronal 
CT reformat showing the right adrenal lesion (arrow) with a normal contralateral gland. The primary tumour in this case was unknown. 


Ultrasound is useful for assessing the local extent of the primary 
tumour and for the detection of liver metastases, although further 
imaging with CT or MR is performed for initial tumour staging. 
Neuroblastomas are typically heterogeneous and predominantly of 
high reflectivity although sometimes cystic areas are seen within 
the lesion, corresponding to areas of haemorrhage or necrosis (Fig. 
33.13). Calcification is present in at least 30%. 34 The margins of the 
tumour are usually ill defined. Neuroblastoma will often cross 
the midline and displace the ipsilateral kidney. 37 It is important 
to delineate the relationship of the mass to the I VC and aorta 
before surgery is planned as they may be encased by tumour, and 
colour Doppler examination is useful to evaluate their patency. 


Ultrasound is particularly valuable in the follow-up of those chil¬ 
dren who undergo chemotherapy to monitor the response of the 
tumour whilst minimising radiation dose. 

Metastases 

The adrenal glands are the fourth most common site in the body 
for metastases after the lungs, liver and bones. Common primaries 
to metastasise to the adrenals include bronchial, renal, colonic and 
breast carcinomas in addition to melanoma. The adrenals may also 
be involved with non-Hodgkin's lymphoma. Metastases are usually 
rounded or oval and poorly reflective 38,39 (Figs 33.14 and 33.15). 










Tumours 



Figure 33.15 Adrenal metastasis. A: Right adrenal metastasis with central areas of increased reflectivity, likely to reflect haemorrhage. 
B: Axial CT image in the same patient confirms the heterogeneous nature of the adrenal metastasis (arrow). The left adrenal is normal in 
appearance. 



Figure 33.16 Adrenal metastasis. A: Ultrasound image of a huge right adrenal lesion in a patient who had undergone a previous 
right nephrectomy for renal cell carcinoma. Note the irregular soft tissue around the periphery and central anechoic necrotic component. 
B: Coronal CT reformat in the same patient confirms the presence of a large, predominantly cystic right adrenal lesion (arrow). The left 
adrenal is normal (arrowhead). Note the previous right nephrectomy. 


Malignant adrenal lesions 

• Metastases (primaries include lung, kidney, colon, breast, 
melanoma). 

• Adrenal cortical carcinoma: 

• 50% hormonally active - well-defined, small ± calcification 

• 50% non-functioning - larger, central necrosis ± venous 
invasion. 

• Neuroblastoma (children), 75% metastases at diagnosis, 30% 
have calcification. 

• Phaeochromocytoma (10% malignant). 


They may be unilateral or bilateral and can be heterogeneous due 
to the presence of central necrosis or haemorrhage (Fig. 33.16). They 
rarely contain calcification. 40 Visualisation of both adrenal areas 
should be part of the routine assessment of any patient with primary 
malignancy. Ultrasound alone will not differentiate between a 
metastasis and a benign adenoma (adrenal lesions found in patients 
with a known primary tumour are equally likely to be benign ade¬ 
nomas as metastases) and colour Doppler ultrasound is not helpful 
in this differentiation. 40,41 
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ROLE OF CT AND MRI IN 
CHARACTERISATION OF ADRENAL 
LESIONS 


Whilst ultrasound has the ability to distinguish between lesions 
such as cysts, myelolipomas and hyperplasia, its role is limited in 
characterising other adrenal lesions which have an overlapping 
spectrum of appearances, and further imaging with either CT or 
MRI is necessary for diagnosis. Increased use of cross-sectional 
imaging has also led to large numbers of adrenal lesions being 
incidentally detected at imaging performed for an unrelated indica¬ 
tion (up to 5% of CT scans performed for indications other than 
suspected adrenal pathology). 42 These Tncidentalomas' can be 
further evaluated with unenhanced CT where an attenuation value 
less than 10 Hounsfield units is useful in predicting benignity. 27 
However, a proportion of lesions with higher attenuation values 
will also be benign, including some adrenal adenomas which are 
lipid-poor. CT differentiation between benign and malignant 
adrenal lesions may be improved by calculation of the percentage 
enhancement washout following administration of intravenous 
contrast. 43 Benign lesions exhibit greater than 50% washout of 
enhancement on a 10-minute delayed CT scan whereas malignant 
lesions demonstrate less than 50% washout. Chemical shift MRI has 
been shown to have similar sensitivity and specificity to CT in the 
characterisation of adrenal lesions. 44 Comparison of in phase and 
out of phase MR sequences allows identification of benign adeno¬ 
mas by virtue of their lipid content, which results in loss of signal 
intensity on opposed phase imaging. 26 Despite these techniques, 
some adrenal lesions cannot be identified with certainty and par¬ 
ticularly where diagnosis could potentially alter treatment (e.g. 
patients with known malignancy), confirmation may be sought by 
percutaneous biopsy, which can be performed under ultrasound or 
CT guidance, depending on the size of the lesion and ease of access 
to it. In children, however, ultrasound remains the primary imaging 
modality for the adrenal glands as visualisation is generally good 
without the associated problems of keeping a baby or child still for 
CT/MR imaging. Keeping radiation dose to a minimum is also of 
paramount importance in paediatrics and ultrasound has the 
advantage of allowing follow-up examinations without concerns 
regarding radiation dose. 
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INTRODUCTION 


All diagnostic imaging requires a thorough knowledge of normal 
anatomy and its variants before abnormality may be recognised. In 
this respect the female pelvis is particularly complex as the anatomy 
of the reproductive organs changes with age, phase of menstrual 
cycle, parity and extrinsic hormonal influences such as hormonal 
contraception, hormone replacement therapy and anti-oestrogens 
such as tamoxifen. Moreover, if a transabdominal ultrasound exam¬ 
ination of the pelvis is performed when the urinary bladder is 
underfilled, the images may be suboptimal. Thus, ultrasound find¬ 
ings should be correlated appropriately, requiring that the ultra- 
sonographer has knowledge not just of pelvic anatomy but of 
reproductive physiology. In addition they should ideally be aware 
of any relevant patient medication and attention should be paid to 
the adequacy of patient preparation. Frequently the information the 
ultrasonographer requires to make a meaningful interpretation of 
the scan findings is not given by the referring clinician. This may 
not necessarily present a problem as the sonographer can always 
ask the patient directly. In so doing this may go some way to 
putting the patient at her ease, particularly if a transvaginal scan is 
to be carried out. 

The overall complexity of the female reproductive system is com¬ 
pounded by the numerous, though relatively infrequent, congenital 
anomalies that may arise from it. 


Factors influencing the ultrasound appearance of the female 

reproductive organs 

• Age 

• Parity 

• Phase of reproductive cycle 

• Hormonal contraception 

• Hormone replacement therapy 

• Tamoxifen 

• Congenital anomalies 

This chapter aims to familiarise the reader with the anatomy and 
scanning techniques of the female pelvis. It sets out an overview of 
the techniques. This is followed by a description of pelvic anatomy 
and reproductive physiology. A more detailed account of the scan¬ 
ning techniques is then given and this is closely aligned with a 
description of the ultrasound anatomy. Next the haemodynamics 
of the uterus and ovaries are described. Finally there is an account 
of congenital anomalies of the female reproductive system with a 
description of the ultrasound findings. 

Ultrasound of the female reproductive organs is undertaken by 
range of health care professionals including radiographers, radiolo¬ 
gists, midwives and gynaecologists. Throughout this chapter the 
term ultrasonographer is used in its broadest sense. 


TECHNIQUE: AN OVERVIEW 


There are two ultrasound scanning techniques for imaging the 
female pelvis: transabdominal/transcutaneous (TA) and trans¬ 
vaginal (TV) scanning. 

TA scanning provides a panoramic view of the pelvis but not fine 
detail. It allows assessment of the reproductive organs and their 
relationship to the neighbouring anatomy. The wide field of view 
will often accommodate a large pelvic mass. Abdominal extension 
of such a mass can be scanned with the same transducer as well as 
enabling a search for any evidence of relevant associated pathology 
such as peritoneal/omental or serosal liver deposits. 

For a TA scan to be effective the patient's bladder should be full. 
This said, in slim individuals it is possible to obtain remarkably 
good pelvic images when the bladder is empty. The full bladder, 
however, serves as an acoustic window, lifts the bowel away from 
the reproductive organs and introduces a degree of retroflexion to 
the frequently anteverted uterus, maintaining a favourable angle of 
insonance relative to the long axis of the endometrium. Thus the 
patient should drink 500-750 mL of still fluid 1 hour prior to the 
examination. Most women are able to tolerate a full bladder but it 
can become problematic if an ultrasound list is not running to time. 
TA scanning is generally performed using a curved array 2-5 
megahertz (MHz) transducer. In slim individuals scanning at these 
frequencies is often adequate but image quality may be 
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compromised in women with a raised body mass index. Tissue 
harmonics often optimises the images by reducing noise and rever¬ 
beration artefact. 

TV scanning is performed using a 4-8 MHz curved array trans¬ 
ducer. As such the images are of high resolution with a small field 
of view. The detail of the endometrium and internal architecture of 
the ovaries is often exquisite. Thus a TV scan should never be 
omitted if the clinical indication suggests gynaecological pathology 
and the pelvic anatomy has not been well seen on TA scanning, or 
if endometrial pathology is suspected. The bladder should be 
emptied prior to a TV scan. It is imperative to explain clearly to the 
woman what the examination entails and to obtain verbal consent. 
Complete privacy must be guaranteed and a female chaperone 
should be present. In general women are quite accepting of this 
examination technique and are relieved to empty their bladder, par¬ 
ticularly if they have initially undergone a TA scan. When the exami¬ 
nation is complete it is mandatory to clean the transducer with an 
antimicrobial agent. This is also true of the transabdominal probe 
following a TA scan. 

Both a TA and a TV scan may be necessary to obtain the maximum 
amount of information from a single examination. Both techniques 
lend themselves to guided biopsies, aspirations and drainages. 


Transabdominal and transvaginal scanning 

Transabdominal scanning 

• Full bladder 

• 2-5 MHz curved array transducer 

• Large field of view 

• Upper abdomen may be assessed 

Transvaginal scanning 

• Empty bladder 

• 4-8 MHz curved array endovaginal transducer 

• High resolution, small field of view 

• Verbal consent 



Figure 34.1 The bony pelvis. A: A frontal view showing the pelvic 
bones. 


It is a medicolegal requirement that all ultrasound examinations 
be reported. Ideally this should be within a radiology information 
system (RIS) but failing this a report should be written in the 
patient's medical records. Similarly all images captured during the 
course of a scan should be archived within a picture archiving and 
communication system (PACS). Both these measures serve as a 
permanent record that an examination has taken place and allow 
the ultrasonographer to compare old with new studies. Reporting 
and archiving also facilitates audit. 


PELVIC ANATOMY 


Skeleton 


The skeleton and attached muscles provide the framework upon 
which the pelvic viscera are supported. Knowledge of them pro¬ 
vides a fuller understanding of pelvic anatomy as a whole. The 
articulated hip bone, sacrum and coccyx enclose the pelvic cavity. 
The brim of this cavity, the pelvic brim, is formed by the pubic crest, 
the pectineal line of the pubis, the arcuate line of the ilium and the 
ala and promontory of the sacrum. The plane of the pelvic brim is 
oblique, being 35-50° up from the horizontal. It is also known as 
the pelvic inlet and is orientated anteriorly. Below the level of the 
pelvic brim is called the true pelvis. The long posterior wall of the 
true pelvis is formed by the concavity of the sacrum and coccyx. 
The short anterior wall consists of the pubic symphysis and the 
bodies of the paired pubic bones and their rami. It is bound laterally 
by the inner aspects of the quadrangular area of the fused ilium and 
ischium (Fig. 34.1). The outlet to the true pelvis faces posteriorly. 

The greater pelvis or false pelvis lies above the pelvic brim. It 
consists of the paired iliac wings, the inner surfaces of which form 
the iliac fossae and the posterior abdominal wall. Anteriorly there 
is no bony wall to the greater pelvis. Instead it is formed by the 
aponeuroses of the anterolateral abdominal wall muscles and 
the rectus abdominis. The cavity of the greater pelvis is effectively 
the lower abdominal cavity. 1 
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Pelvic anatomy 


Muscles 


There are four paired muscles of the true pelvis. The lateral group 
are obturator internus and piriformis. These are also lower limb 
muscles. The medial group are levator ani and coccygeus. These 
latter two muscles constitute the pelvic floor and in the midline are 
slung around the urethra, vagina and anal canal. These three efflu¬ 
ent channels pierce the pelvic floor to enter the perineum. 

Obturator internus has a broad origin from the body of the 
ischium and the obturator membrane which covers most of the 
obturator foramen of the ischium. It extends upwards to the pelvic 
brim. The fibres of obturator internus converge towards the lesser 
sciatic notch where they leave the pelvis to attach to the greater 
trochanter of the femur. This muscle is covered by the obturator 
fascia. Posterior and superior to obturator internus is piriformis, 
which arises from the middle three sacral segments. It runs trans¬ 
versely to the greater sciatic foramen, exiting the pelvis to attach to 
the greater trochanter (Fig. 34.2). 

The levator ani consists of three main parts: puborectalis, pubo- 
coccygeus and iliococcygeus. Their fibres are continuous and arise 
from the body of the pubis, the obturator fascia and the ischial 
spine. The muscle fibres run posteroinferiorly to the midline to 
insert in the coccyx, the levator raphe and the anococcygeal 
ligament. 

Coccygeus arises from the ischial spine. From here its fibres fan 
out to be inserted into the coccyx and the lowest sacral segment 
(Fig. 34.3). 

The muscles of the greater pelvis are those of the posterior 
abdominal wall, psoas major and iliacus. The psoas muscle arises 
from the five lumbar vertebrae. It passes downwards along the 
pelvic brim, beneath the inguinal ligament in the groin to attach to 
the lesser trochanter. Iliacus arises from the iliac bone and passes 
under the inguinal ligament. Its tendon fuses with that of the psoas 
muscle to insert into the lesser trochanter 2 (Fig. 34.4). 

Pelvic viscera 


The ovaries 

The ovaries are the paired female sex organs. They are composed 
of fibrous tissue in which ova are embedded. In the embryo and 
fetus the ovaries are sited in the lumbar region near kidneys and 
gradually descend into the true pelvis. In the adult the ovaries are 


mobile and their position varies with parity and degree of bladder 
and intestinal filling. During pregnancy they are lifted high in the 
pelvis, becoming entirely abdominal by the third trimester. 

In the nulliparous woman the ovaries occupy the ovarian fossae 
on the pelvic side walls. The upper pole is tilted laterally and is 
overlapped by the infundibulum of the uterine tube. The lower pole 
is tilted medially towards the uterus to which it is attached by the 
suspensory ligament of the ovary. The ovaries are suspended from 
the anterior border by a fold of peritoneum, the mesovarium, which 
attaches it to the broad ligament. The lateral ovarian surface con¬ 
tacts parietal peritoneum behind which lies the angle between the 
internal and external iliac vessels, the ureter, obturator vessels and 
nerves and the origin of the uterine artery. Thus the iliac vessels 
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Figure 34.2 Left pelvic side wall viewed from the right showing 
the lateral group of muscles of the true pelvis. Coccygeus and the 
muscles of the false pelvis are also shown. The iliac vessels are 
superimposed along with the left ovary in the left ovarian fossa. 
Note the location of the ureter. 
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Figure 34.3 The female pelvic floor viewed from above (modified from Sinnatamby CS, Last’s Anatomy, Regional and Applied, 
11th edn, 2006, Churchill Livingstone). 
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serve as a useful landmark when trying to locate the ovaries during 
an ultrasound examination. The medial ovarian surface faces the 
uterus and the uterine vessels within the broad ligament (Figs 34.2 
and 34.5). 

On the right side superolateral to the ovary are the ileocaecal 
junction, the caecum and the appendix. On the left is the sigmoid 
colon and rectosigmoid junction. This is important to bear in mind 
when scanning a woman presenting with iliac fossa pain in terms 
of a differential diagnosis. 3 


Psoas Quadratus 



Figure 34.4 Frontal view of the pelvis showing the muscles of 
the false pelvis. The major blood vessels are shown. 


Blood supply 

The ovarian artery is a branch of the abdominal aorta arising just 
below the origin of the renal arteries. It runs down behind perito¬ 
neum in the paracolic gutter and crosses the ureter and psoas 
muscle. Crossing the pelvic brim the vessel enters the suspensory 
ligament of the ovary to enter the lateral end of the broad ligament 
below the uterine tube. It divides into branches that supply the 
ovary, the uterine tube and the skin of the labium majus. 

Ovarian veins form a plexus in the mesovarium and suspensory 
ligament, draining into paired ovarian veins that accompany the 
ovarian artery and drain into the inferior vena cava on the right and 
the renal vein on the left. 3 

The uterus 

Whilst described as midline, the uterus is rarely exactly in the 
midline, particularly in parous women. The non-pregnant uterus 
has a slit-like cavity and lies within the true pelvis. Superolaterally 
the cavity is continuous with the uterine tubes. Interiorly it leads 
into the endocervical canal and on into the vagina. The overall 
tubular anatomy may be referred to as the uterovaginal canal. 

The uterus is likened to a flattened pear. It is made up of the 
fundus, body, isthmus and cervix. The fundus is the broadest com¬ 
ponent and projects above the entry points of the paired uterine 
tubes. The bilateral upper angles into which the tubes feed are the 
cornua. The uterine body tapers below this to the cervix, the junc¬ 
tion between the body and cervix being the isthmus. The cervix 
projects into the vaginal vault, forming the vaginal fornix; this is 
deepest posteriorly. 

The uterine body and the posterior surface of the cervix are 
enclosed in peritoneum. Laterally this fold of peritoneum becomes 
the broad ligament. When anteverted the anterior uterine surface 
rests on the bladder and the peritoneal covering reflects off it at the 
level of the internal cervical os onto the bladder, forming the vesico¬ 
uterine pouch. The posterior uterine and cervical surface faces 
upwards, having loops of bowel lying upon it. The peritoneum 
reflects off this at the level of the posterior vaginal fornix onto the 
rectum, forming the recto-uterine pouch or the pouch of Douglas 
(Fig. 34.5). 
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Figure 34.5 Coronal view of the female pelvis viewed from behind showing the uterus, tubes, ovaries and related structures. The 
broad ligament has been removed on the right side (modified from Sinnatamby CS, Last’s Anatomy, Regional and Applied, 11th edn, 
2006, Churchill Livingstone). 





























































Technique and ultrasound anatomy 


Table 34.1 Variation in uterine size and cervicakfundal ratio with age 


Length (cm) 

Width (cm) 

Depth (cm) 

Cervix:fundus 

Infantile 

3.4 


1.26 

1 :1 

Prepubertal 

3.0 

1.5 

1.0 

2:1 

Nulliparous 

7.1 

4.6 

3.3 

1 :2 

Multiparous 

8.9 

5.8 

4.3 

1 :3 

Postmenopausal 

7.9 

4.9 

3.2 

1:1 


The long axis of the uterus relative to the vagina describes uterine 
version while the long axis of the uterine body relative to the cervix 
describes uterine flexion. The normal position of the long axis of 
the uterus relative to the vagina is anteversion but up to 20% of 
nulliparous females may have a retroverted uterus. 

The outer uterine layer is the myometrium. It is a fibromuscular 
layer composed of smooth muscle and connective tissue. There 
is an inner layer of longitudinal smooth muscle and a circular 
outer layer. 

The innermost uterine layer is a mucous membrane, the 
endometrium. This is subject to hormonal influences and cyclical 
changes. 4 

The variation in uterine size with age, parity and menopausal 
status is shown in Table 34.1. 5-7 The size of the uterine body relative 
to the cervix is subject to change throughout a female's lifetime. In 
the neonate the uterus is only slightly smaller than that of a prepu¬ 
bertal child. The cervix and fundus are approximately equal in size. 
The endometrium is hypertrophied in response to maternal hor¬ 
mones and is seen as an echogenic bilayer on ultrasound. 5 A pre¬ 
pubertal cervix is larger than the uterine body and fundus by a ratio 
of 2:1. Endometrial echoes are absent and only the echogenic 
midline interface is visible. 6 After puberty the fundus enlarges such 
that in the reproductive years the cervix to body ratio is 1:2 in nul¬ 
liparous women and 1:3 in parous women. After the menopause 
the uterus atrophies and the ratio becomes 1:1. 

Uterine tubes 

The uterine tubes are approximately 10 cm in length and divided 
into four segments. The medial extremity is the short intramural 
component. It is surrounded by myometrium. Next is a narrow, 
straight segment, the isthmus. This lies in the upper edge of the 
broad ligament. Beyond this is the wider ampulla. The lateral 
extremity is the expanded open end, the infundibulum, which 
lies behind the broad ligament adjacent to the pelvic side wall 
(Fig. 34.5). 

Blood supply 

The uterus and tubes receive their blood supply from the uterine 
artery and ovarian artery, branches of the internal iliac artery and 
the aorta, respectively. The uterine artery runs in the base of the 
broad ligament medially to the cervix. Here it gives branches to the 
upper vagina and cervix. It ascends in the broad ligament giving 
off branches to the myometrium and reaches the cornua, where it 
turns laterally. It then anastomoses with branches of the ovarian 
artery supplying the uterine tube. 

The uterine vein follows a similar course to the artery, ultimately 
draining into the internal iliac veins. 4 

The vagina 

The vagina is midline. It is a distensible, approximately 10 cm long, 
fibromuscular tube that passes posterosuperiorly from the introitus 
to the cervix. The vagina lies along the same plane as the pelvic 


brim at 60° to the horizontal. It is an H-shaped slit in the transverse 
plane, its anterior and posterior walls being in apposition. The 
vagina serves as a useful landmark when performing a TA scan. 
The upper vagina expands to receive the cervix, which projects into 
it. Surrounding the cervix is the vaginal fornix, which is deepest 
posteriorly, and this generally is where the tip of the transducer 
would be positioned when examining the uterus during a TV scan. 


PHYSIOLOGY OF THE FEMALE 
SEXUAL CYCLE 


The female sexual cycle is often a 28-day cycle but this is variable, 
with some women having shorter and others longer cycles. Day one 
of the cycle is the first day of menstruation. In a postpubertal female 
the ovarian changes are dependent upon two hormones secreted by 
the anterior pituitary gland, follicle-stimulating hormone (FSH) and 
luteinising hormone (FH). In the first few days of the cycle there is 
a modest increase in FSH and LH levels. This stimulates growth of 
6-12 primary follicles within the ovary and is called the follicular 
phase. The follicles grow and secrete oestrogen. After a week or so 
of growth one follicle becomes dominant while the others involute. 
During this time the levels of LH and, to a lesser extent FSH, rise 
sharply, stimulating rapid follicular growth, decreasing oestrogen 
production and increasing progesterone secretion. A mid-cycle LH 
surge promotes ovulation and the follicle ruptures. This would 
occur at day 14 in a regular 28-day cycle. Following ovulation LH 
causes luteinisation of the ruptured follicle, converting it into the 
corpus luteum. This is the luteal phase. The corpus luteum secretes 
progesterone and oestrogen, which prepare the endometrium to 
receive a fertilised ovum. If fertilisation does not occur the corpus 
luteum, which has a lifespan of around 12 days, involutes. Conse¬ 
quently progesterone and oestrogen levels fall and menstruation 
takes place. 

Following menstruation there is a thin residual layer of 
endometrium. Rising oestrogen levels cause endometrial regenera¬ 
tion and proliferation, hence this is known as the proliferative 
phase. The endometrial proliferative phase coincides with the fol¬ 
licular phase of the ovary. After ovulation and the development of 
the corpus luteum, oestrogen and progesterone levels rise, causing 
further endometrial proliferation and secretory development. This 
is called the secretory phase and it coincides with the ovarian luteal 
phase 8 (Fig. 34.6). 


TECHNIQUE AND ULTRASOUND 
ANATOMY 


Transabdominal scanning 


The technique of transabdominal scanning uses the bladder as an 
acoustic window. In the longitudinal or sagittal plane by angling 
the transducer interiorly the vagina is visualised as a linear, midline 
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structure. The walls are hypoechoic and the apposed anterior and 
posterior walls produce a hyperechoic midline stripe. In the trans¬ 
verse plane the vagina appears as a flattened rectangle with a 
hyperechoic midline stripe. The upper vagina is seen to expand to 
accommodate the cervix (Fig. 34.7). 



Figure 34.6 The physiology of the female sexual cycle 

(modified with permission from Bates JA, Practical Gynaecological 
Ultrasound, 2nd edn, 2006, Cambridge University Press). 


With less caudal angulation the uterus occupies the field of view. 
In the longitudinal plane the hypoechoic myometrium surrounds 
the endometrium. The endometrium coats the uterine cavity and 
is generally hyperechoic relative to the myometrium. In the non¬ 
pregnant uterus the cavity is a potential space that is represented 
by the echogenic line of the apposed anterior and posterior endome¬ 
trial surfaces. 

By turning the transducer 90° the uterus becomes ovoid. The 
myometrium surrounds the inner oval of the endometrium in the 
body. Angling cephalad towards fundus the endometrium elon¬ 
gates as it extends to the cornua. The serosal surface of the uterus 
should be smooth (Fig. 34.8). 

The position of the ovaries is variable. With the transducer orien¬ 
tated in the transverse plane and the uterine fundus in the centre of 
the field of view, if the ovaries are in their usual anatomical location, 
each may be visualised next to the iliac vessels and the pelvic side 
wall. A degree of angulation to each side may be necessary. Imaging 



Figure 34.7 TA scan longitudinal plane showing the 
hyperechoic midline echo of the apposed anterior and posterior 
vaginal walls (black dot). Note the hypoechoic vaginal walls (red 
dots). The upper vagina expands to accommodate the cervix 
(yellow dot). 



Figure 34.8 TA scan (A) longitudinal/sagittal and (B) transverse images of the uterus. The serosal surface is smooth (red dot). 

The myometrium is homogeneous and hypoechoic relative to the endometrium (white dot). The midline stripe is hyperechoic (yellow dot). 


















Technique and ultrasound anatomy 


the ovaries in the longitudinal plane often requires insonating from 
the contralateral side of the bladder. Thus to image the right ovary 
the transducer is placed on the skin to the left of the midline on the 
lower anterior abdominal wall. It is angled obliquely such that the 
ultrasound beam passes through the bladder towards the right iliac 
vessels and pelvic side wall, where the ovary should come into 
view. The opposite is true for the left ovary (Fig. 34.9). 

TA scanning provides an overview of the ovarian position. It is 
complementary to TV scanning when the ovaries are not in their 
normal anatomical position such as in the pouch of Douglas or 
when they are lifted out of the true pelvis in the presence of an 
enlarged, fibroid uterus. 

The pelvic musculature is best appreciated on TA scanning. 
The muscles lie posterior and lateral to the uterus and are depicted 
as well-defined, linear structures of homogeneous, low-level 
echogenicity. 

Transvaginal scanning 


To master the technique of transvaginal scanning requires practice 
and patience. Prior to scanning a patient, the transducer must be 



Figure 34.9 TA scan of right ovary. The image is achieved by 
insonating obliquely from the left through the bladder to the right 
pelvic side wall. 



covered with a clean probe cover containing coupling gel. This is 
also used on the outside surface of the probe cover at its tip. The 
positioning of the woman must allow the operator to have adequate 
leverage of the probe handle. This can be achieved in a number of 
ways. A useful manoeuvre is to ask the patient to lie supine on the 
examination couch so that her bottom is right at the foot end of the 
couch and her head is at its centre. A chair is placed at a lower level 
than the couch at the foot end. The woman bends her legs at the 
knees in order that her feet can rest on the chair. 

The transducer is gently introduced into the vagina and advanced 
until it meets resistance. At this point the tip is in the posterior 
fornix. In the presence of an anteverted uterus the handle of the 
probe often requires lowering towards the floor so that the ultra¬ 
sound beam passes through the entire organ. When the uterus is 
retroverted the handle may require elevation. Once the uterus has 
been located and the operator has centred it on the monitor, a fre¬ 
quent mistake of novices to the technique is that of moving the 
transducer too quickly and too far. Movements of the transducer 
should be small, otherwise the uterus will no longer be in the centre 
of the field of view, and slow so that the region of interest is sys¬ 
tematically interrogated. Individuals with a radiology background 
usually view the image with the apex of the scan sector positioned 
at the top of the screen. As such, in anteversion in the sagittal plane 
the fundus will be on the left-hand side of the monitor and in ret¬ 
roversion it will be on the right (Fig. 34.10). A perfect, though not 
always achievable, sagittal midline image should have an uninter¬ 
rupted echogenic midline stripe. Ideally this should extend from 
the fundus to the external cervical os, and represents the apposed 
anterior and posterior endometrial and endocervical mucosal sur¬ 
faces. It is from this midline image that endometrial thickness is 
measured. It ensures an accurate measurement with no obliquity. 
Effectively the two endometrial layers are measured from the ante¬ 
rior interface between the myometrium and endometrium to the 
posterior interface (Fig. 34.10). It is entirely normal to have a tiny 
volume of fluid in the uterine cavity in pre- and postmenopausal 
women. In premenopausal women this may be around the time of 
ovulation and during menstruation. If fluid is present, the endome¬ 
trial thickness measurement should not include the fluid. The single 
endometrial layers are measured and added together. If it is not 
possible to define the echogenic midline stripe within the 
endometrium or if the stripe is interrupted, it may be a sign of 
pathology within the uterine cavity. Such pathology might include 
an endometrial polyp or a polypoid fibroid. 

In the sagittal plane it is important to pan from side to side (par¬ 
asagittal to parasagittal) so that the entire uterus is assessed. 

Turning the transducer 90° with the leading edge towards the 
operator produces a transverse image of the uterus. When the 



Figure 34.10 TV scan sagittal midline image of (A) an anteverted uterus with the fundus (red dot) to left and the cervix (yellow dot) to the 
right. The callipers are measuring the endometrial thickness. B: The fundus to right in retroversion. 
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uterus is anteverted, panning through it from fundus to cervix 
requires the probe handle to be gradually elevated from a position 
of relative depression. The opposite is true in retroversion. The 
transverse plane allows full assessment of the myometrium from 
serosa to endometrial interface. It also allows visualisation of the 
endometrium as it extends out to the cornua (Fig. 34.11). Careful 
attention should be paid here as the cornua are a hysteroscopic 
blind spot. 


Ultrasound anatomy 


Uterus 

The serosal surface of the uterus is smooth. The myometrium 
returns intermediate level homogeneous echoes. Vessels are seen 
penetrating the outer myometrium and these correspond to the 
arcuate branches of the uterine circulation 9 (Fig. 34.12). There is an 



Figure 34.11 TV scan transverse image of the uterus showing a 
smooth serosal surface (red dot), homogeneous myometrium 
(yellow dot) and the endometrium elongating out towards the 
cornua (green dots). 


echo-poor inner layer of inner myometrium. It has been described 
as the subendometrial halo and is composed of tightly packed 
muscle cells with an increased vascularity. This myometrial layer 
may play a role in stripping the endometrium during menstruation 
and promoting sperm transport. 10 It corresponds to the junctional 
zone of subendometrial myometrium demonstrated on magnetic 
resonance imaging 11 (Fig. 34.13). 

The endometrium should be well defined with a smooth, clear 
interface between it and the underlying myometrium. In addition, 
its echogenicity should be uniform throughout. 

During the early proliferative phase of the reproductive cycle the 
endometrium is isoechoic or slightly hyperechoic to the outer myo¬ 
metrium. As this phase progresses, the endometrium develops a 
multilayered configuration. Viewing from anterior to posterior, 
adjacent to the inner myometrium, the anterior endometrium 
has an outer hyperechoic basal layer. Next is an inner hypoechoic 
functional layer. This appearance is repeated in the posterior 
endometrium, the two being separated by the midline echo repre¬ 
senting the apposed anterior and posterior surfaces. This has been 



Figure 34.12 Uterus. TV scan sagittal image showing linear 
anechoic structures (red dot) in the periphery of the posterior 
myometrium. These represent the arcuate branches of the uterine 
circulation. 




Figure 34.13 Uterus. A: TV scan sagittal plane. Retroverted uterus with a hypoechoic subendometrial halo (red dots) representing the 
inner myometrium. The callipers are measuring the endometrial thickness. B: T2-weighted midline sagittal magnetic resonance image of 
the uterus showing the hypointense subendometrial junctional zone (red dots) of the myometrium. 
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Figure 34.14 TV scan sagittal image of an anteverted uterus. 

The endometrium exhibits the multilayered appearance of a 
proliferative phase endometrium. There is an outer, basal 
hyperechoic layer (red dots) and an inner hypoechoic functional 
layer (yellow dots). The midline stripe is hyperechoic. This is the 
triple line sign. 


Cyclical changes in the appearance of the endometrium 

Proliferative phase: thickness 4-8 mm 

Early - isoechoic or slightly hyperechoic to outer myometrium 
Late - multilayered/triple line sign 

Secretory phase: thickness 8-16 mm 

Layers disappear 

Uniformly hyperechoic to outer myometrium 

Menstrual phase: thickness 1-4 mm 

Thin 

Irregular 

May be fluid in cavity 



Figure 34.15 TV scan midline sagittal image of an anteverted 
uterus. The endometrium is secretory and is uniformly hyperechoic. 



Figure 34.16 TV scan of the cervix of an anteverted uterus in 
the sagittal plane. There is a trace of fluid in the endocervical canal 
(white dot). The cervical mucosa is hyperechoic (red dot). 


described as the triple line sign. The bilayer may measure up to 
8 mm 9-12 (Fig. 34.14). 

The layers gradually disappear during the secretory phase. The 
endometrium becomes uniformly hyperechoic relative to the outer 
myometrium and achieves its maximum thickness with the bilayer 
measuring up to 16 mm (Fig. 34.15). This is due to the presence of 
oedema and the endometrial glands being distended with mucus 
and glycogen. 9,12 

Menstruation is not a contraindication to a TV scan but if endome¬ 
trial pathology is suspected the proliferative phase is optimum for 
endometrial evaluation. During menses the endometrium is thinned 
and irregular, measuring between 1 mm and 4 mm. There may be 
fluid within the uterine cavity. 

After the menopause the endometrium atrophies and an 
endometrial thickness greater than 4 mm is considered to be 
abnormal. 13-15 

Cervix 

By withdrawing the transducer by 2-3 cm the cervix is visualised. 
Unlike the uterine body, the ectocervix is amenable to direct 


visualisation during the course of an internal gynaecological exami¬ 
nation and to even closer inspection at colposcopy. Thus gynaecolo¬ 
gists are not fully reliant upon ultrasound to evaluate the cervix. It 
does, however, enable inspection of the endocervical canal, the sur¬ 
rounding layers of cervical stroma and muscle, and the serosal 
surface. Pathology such as a cervical fibroid that may not be seen 
clinically may be assessed ultrasonically. The endocervical canal 
appears as a central echogenic stripe and represents the cervical 
mucosa. The cervical stroma and muscle layer has a similar echo¬ 
genicity to the outer myometrium. 9 The serosal surface is smooth 
(Fig. 34.16). 

Uterine tubes 

The diameter of the uterine tubes is so small that normal tubes are 
beyond the resolution capabilities of even a high-frequency vaginal 
transducer. In the presence of ascites the broad ligament and its 
contents, including the tubes, are more easily seen. Tubal patency 
may be determined using hystero-contrast sonography (HyCoSy). 
This is a procedure whereby the endocervical canal or uterine 
cavity is cannulated with a catheter. This is held in place by inflating 
a small balloon with air or water. Then contrast is instilled. 
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The ultrasound contrast agent is a positive contrast agent consisting 
of microbubbles. The contrast is instilled whilst performing a TV 
scan and tubal patency is assessed. The National Institute for Health 
and Clinical Excellence (NICE) recommend HyCoSy as an initial 
investigation of tubal patency in the assessment of women with 
fertility problems. 16 

Ovaries 


Technique 

A useful technique to localise the ovaries with TV ultrasound is to 
position the transducer in the transverse plane at the level of the 
uterine fundus. From here follow the endometrium laterally as it 
extends out towards the cornua. Beyond the cornua it is often pos¬ 
sible to visualise a hypoechoic, linear structure. This represents the 
broad ligament and its contents (Fig. 34.17). This should be 



Figure 34.17 Ovaries. TV scan transverse image of right cornual 
region (red dot) and right ovary (yellow dot). The hypoechoic linear 
structure (white dot) to the right of the ovary represents the broad 
ligament and its contents. 


followed laterally to its outer limit where the ovary should be 
located adjacent to the iliac vessels. By applying gentle pressure on 
the skin in the relevant iliac fossa the image of the ovary may 
become clearer as bowel loops are displaced. In addition, the ovary 
is pushed downwards towards the transducer tip. This technique 
is akin to a gynaecological bimanual examination. Ovaries in 
women of reproductive age are generally straightforward to locate 
because of the presence of anechoic follicles. If an ovary is not in 
the expected anatomical location, it may be found in the pouch of 
Douglas or around the peripheries of the uterus. When the uterus 
is enlarged the ovaries may have been lifted out of the true pelvis 
and therefore beyond the range of a TV probe. 

Anatomy 

Ovarian shape is variable, ranging from almond shaped to spheri¬ 
cal. An outer cortex of the ovary contains immature follicles and it 
is here that cyclical changes are observed. During the follicular 
phase the follicles grow, appearing as peripheral anechoic struc¬ 
tures. Usually only one will reach 10 mm becoming the dominant 
follicle (Fig. 34.18). As it matures the dominant follicle may reach 
25 mm in diameter. Within it, it is possible to depict the cumulus 
oophorus, which represents the oocyte surrounded by a cluster of 
granulosa cells. It gives rise to a cyst within a cyst appearance and 
is a sign of impending ovulation. 9 Following ovulation the ovary 
enters the luteal phase. The follicle deflates and the wall becomes 
irregular. 17 This is the corpus luteum, the appearance of which 
ranges from a cystic structure with an irregular, echogenic wall to 
a cystic structure containing a fine latticework of septations (Fig. 
34.19). The variability represents haemorrhage in its different mani¬ 
festations. 18 It is normal to see a small volume of free fluid in the 
pouch of Douglas following ovulation. 

Ovarian volume changes with age, menopausal status, phase of 
menstrual cycle and external hormonal influences. It is calculated 
using the formula for an ellipse: 

Volume (cm 3 ) = length x width x depth (anteroposterior diameter) x 0.53 

Table 34.2 shows age-related differences in ovarian volume 19 and 
Table 34.3 shows age-related differences in ovarian dimensions. 3,11 



Figure 34.18 Ovarian follicle. A: TV scan longitudinal image through the right ovary during the follicular phase. Note the iliac vessels 
posterior to the ovary (red dot). B: The dominant follicle. 
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Figure 34.19 TV scan longitudinal image of the right ovary 

during the luteal phase. The predominantly anechoic structure with 
the thick echogenic wall and containing internal echoes represents 
the corpus luteum. Note the iliac vessels posterior to the ovary 
(red dot). 


Cyclical changes in the ovaries 

Follicular phase 

Early - several peripheral anechoic follicles appear. 

Mid - one follicle grows to >10 mm to become the dominant follicle. 
Periovulatory - cumulus oophorus may be visible. 


HAEMODYNAMICS OF THE UTERUS AND 
OVARIES AS REPRESENTED BY DOPPLER 
ULTRASOUND 


In women of reproductive age the haemodynamics of the ovarian 
and uterine arteries undergo cyclical changes. These changes can 
be assessed using Doppler ultrasound. 

The uterine arteries are located just lateral to the cervix. The blood 
flow within them in the non-gravid state is typically of high velocity 
and high resistance. A diastolic notch is seen on the pulsed wave 
Doppler trace 9,20 (Fig. 34.20). The arcuate and subendometrial arter¬ 
ies are best depicted by placing the colour box on the myometrium. 
These vessels have similar haemodynamics to the uterine arteries. 
The pulsatility index, which represents resistance to blood flow, 
within the uterine, arcuate and subendometrial arteries vessels is 
highest just after ovulation, whereas it is lowest 7-12 days following 
ovulation. 21 

The ovarian arteries and intraovarian arterioles exhibit even 
greater cyclical changes than the uterine arteries. These changes 
occur in the ovary containing the dominant follicle and subse¬ 
quently the corpus luteum. Maximum resistance is observed 
during the early proliferative phase. With the development of 
the dominant follicle the resistance gradually decreases. The 
pulsatility index is at its lowest in the presence of the corpus 
luteum. This reflects neovascularisation within the wall of the 
corpus luteum 9,16,21,22 (Fig. 34.21). The flow velocity and pulsatility 
index remain relatively constant throughout the reproductive cycle 
in the non-dominant ovary. 


CONGENITAL ANOMALIES OF 
THE FEMALE GENITAL TRACT 


Ovulation 

Dominant follicle deflates. May be fluid in pouch of Douglas. 

Luteal phase 

Corpus luteum - thick, echogenic, irregular wall. Internal echoes/ 
septations representing haemorrhage. Hypervascular wall with 
low resistance waveform on pulsed wave Doppler. 


Table 34.2 Age-related differences in ovarian volume 


Mean ovarian 
volume (cm 3 ) 

Range (cm 3 ) 

Prepubertal 

3.0 

0.75-2.32 

Reproductive 

9.8 

1.2-11.8 

Postmenopausal 

5.8 

3.5-7.5 


Mullerian duct anomalies (MDAs) are congenital anomalies of the 
female genital tract. They arise as a result of non-development or 
non-fusion of the Mullerian ducts or failed resorption of the uterine 
or vaginal septa. Their reported prevalence in the general popula¬ 
tion is 1%. The importance of MDAs lies in the association of some 
types with recurrent spontaneous abortions, premature delivery, 
abnormal fetal lie and dystocia at delivery. In addition, some anom¬ 
alies are associated with obstruction of the genital tract. 

Embryologically the uterine tubes, uterus, cervix and upper two- 
thirds of the vagina originate from paired Mullerian or parames- 
onephric ducts. The lower third of the vagina originates from the 
urogenital sinus. At 6 weeks gestation the paired ducts grow cau- 
dally crossing over the Wolffian or mesonephric ducts to meet in 
the midline. Cranially the uterine tubes remain unfused whilst cau- 
dally the urogenital sinus invaginates to form the lower third of the 
vagina. Fusion and reabsorption of the midline uterine and vaginal 
septum along with the transverse vaginal septum takes place by 
10.5 weeks. 

The urinary and genital tracts arise from a common ridge of 
mesoderm, with both relying upon normal development of the 


Table 34.3 Age-related differences in ovarian dimensions 


Length (cm) [range] 

Width (cm) 

Depth (cm) 

Neonate 

1.3 

0.6 

0.4 

Reproductive 

3.0 [2.5-5.0] 

2.0 [1.5-3.0] 

1.0 [0.1-1.5] 

Postmenopausal (early) 

2.0 

1.5 

0.5 

Postmenopausal (late) 

1.5 

1.5 

0.5 
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Figure 34.20 Uterine arteries. TV scan transverse image through the cervix (red dot) demonstrating (A) the uterine arteries laterally 
(yellow dots). B: Uterine arteries with colour flow Doppler. C: Uterine arteries with both colour flow and pulsed wave Doppler. There is a 
diastolic notch (white dot) in the pulsed wave Doppler trace. 



Figure 34.21 TV scan. Image of a right ovary during the luteal 
phase. It demonstrates neovascularisation within the wall of the 
corpus luteum with a low resistance waveform on pulsed-wave 
Doppler. 


mesonephric system. The mesonephric ducts give rise to the ureters, 
renal calyces and collecting tubules. Abnormal development of the 
mesonephric and paramesonephric ducts may be associated with 
renal anomalies. Renal agenesis is the most common association but 
others include crossed ectopy, cystic renal dysplasia and duplicated 
collecting systems. In this respect when a uterine congenital 
anomaly is suspected at ultrasound, the kidneys should be scanned 
as well. 

Ovarian development is entirely separate from the development 
of the uterovaginal canal and is not associated with MDAs. 23 Figure 
34.22 illustrates the American Fertility Society's classification 
of MDAs. 24 

It is acknowledged that magnetic resonance imaging is the 
optimum imaging modality for characterising MDAs, having a 
reported accuracy of up to 100%. 23 Anomalies, however, are fre¬ 
quently detected incidentally during a pelvic ultrasound examina¬ 
tion in women being scanned for gynaecological problems other 
than subfertility. They may also be detected at hysterosalpingogra- 
phy in the investigation of subfertility. Ultrasound characterisation 
is optimised by scanning during the secretory phase. This is because 
the uterine cavity or cavities are most obvious during this phase of 
the reproductive cycle as the endometrium is at its thickest and 
most echogenic. Ultrasound has an accuracy of up to 92%. Its 
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Figure 34.22 Mullerian anomalies: the American Fertility Society classification (reproduced with permission from Fertility and Sterility 
1988; 47(6):952). 


limitations are in part due to the overlap in the findings of some 
anomalies. It should be noted that three-dimensional ultrasound 
has been shown to be superior to conventional two-dimensional 
ultrasound in the assessment of uterine anomalies. Its superiority 
lies in its ability to better delineate the fundal contour and to calcu¬ 
late uterine volume. 23,25 

Class I anomalies constitute agenesis or hypoplasia and comprise 
5-10% of MDAs. The hypoplasia may be vaginal, cervical, fundal, 
tubal or combined. The ovaries, however, are normal as they are 
not Mullerian in origin. Mayer-Rokitansky-Kuster-Hauser syn¬ 
drome is the most common variant, comprising complete vaginal 
agenesis and a 90% association with uterine agenesis. On ultra¬ 
sound the uterus is absent whilst the ovaries are in their usual 
anatomical location. 23 

Class II anomalies comprise the unicornuate uterus and 
its variants. These account for 20% of MDAs and result from com¬ 
plete or incomplete development of one of the Mullerian ducts. 
There may be: (a) a communicating rudimentary horn, (b) a non¬ 
communicating rudimentary horn, (c) a rudimentary horn with no 
endometrial cavity or (d) no rudimentary horn. A solitary uterine 
horn accounts for 35% of unicornuate uteri while the remainder 
have a rudimentary horn. In the presence of a cavitary, non¬ 
communicating rudimentary horn, there is an association with 
dysmenorrhoea and haematometra at menarche, and also endome¬ 
triosis. Women with a class II anomaly can sustain a normal preg¬ 
nancy but there is an increased risk of spontaneous abortion 
(41-62%) and premature delivery (10-20%). These anomalies are 
not easily recognised ultrasonically. The uterine body in subtype d 
is usually smaller than a normal, nulliparous corpus but this size 
discrepancy may not be noticeable on ultrasound. The corpus may 
appear asymmetric, ellipsoidal and laterally deviated. In the other 
subtypes the rudimentary horn may be mistaken for an adnexal 
mass. 23,26-28 

Class III anomalies are characterised by complete duplication of 
the uterus and cervix. Uterus didelphys accounts for 5% of MDAs 
and is due to non-fusion of the Mullerian ducts. There is often both 
a vertical and a transverse vaginal septum. The latter may cause 
obstruction of the ipsilateral vagina and uterus that can give rise to 


a haematometrocolpos. A further complication of this is retrograde 
menstruation from the blood-filled uterine cavity down the uterine 
tube. As a consequence haematosalpinx, endometriosis and pelvic 
adhesions have been described. On ultrasound two separate, diver¬ 
gent uterine horns are identifiable with a deep cleft between them. 
Within these are two separate, non-communicating endometrial 
cavities and two cervices are present 23,27 (Fig. 34.23). 

The class IV anomaly is the bicornuate uterus, which constitutes 
10% of MDAs. It results from incomplete fusion of the superior 
segments of the uterovaginal canal. There are two symmetrical 
uterine horns with an intervening cleft. The horns are most often 
fused at the isthmus, giving rise to the bicornuate unicollis uterus. 
In a bicornuate bicollis uterus there is cervical duplication. In both 
types the two endometrial cavities communicate (Fig. 34.24). There 
is an increased risk of spontaneous abortion (28-35%) and preterm 
labour (14-23%). In addition, this anomaly is associated with the 
highest incidence of cervical incompetence in comparison to other 
MDAs. Ultrasonically a large fundal cleft is present and the uterine 
horns are widely divergent 23,27,28 (Fig. 34.25). 

Class V anomalies are most common, comprising 55% of MDAs. 
The septate uterus results from complete or partial failure of resorp¬ 
tion of the midline septum. This anomaly has the highest associa¬ 
tion with recurrent abortions and premature delivery. The septum 
is midline, arising from the fundus. A complete septum extends to 
the external cervical os and a partial septum is of variable length. 
All partial septa contain myometrium, whereas complete septa 
contain myometrium in the upper segment and fibrous tissue in the 
lower segment. Ultrasonically the fundal contour is flat, convex or 
mildly concave. In the fundal region the septum has a similar echo¬ 
genicity to myometrium and in the presence of a complete septum 
the caudal portion is hypoechoic 23,27,28 (Fig. 34.26). 

The class VI anomaly is the arcuate uterus. It differs only slightly 
from the normal uterine morphology and has no clinically 
significant implications. It is characterised by a mild indentation 
of the endometrium at the fundus due to near complete resorp¬ 
tion of the uterovaginal septum. Ultrasonically there is a 
normal fundal contour and smooth indentation of the fundal 
myometrium. 23,27 
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Figure 34.23 Uterus didelphys. A: TA scan sagittal image of a right haematometrocolpos in a uterus didelphys. The red dot indicates 
the haematocolpos and the yellow dot indicates the haematometra. B: Non-distended left uterus with haematocolpos (red dot) still visible. 
C: Transverse image of both non-distended, widely divergent, uteri. The black dot indicates the deep cleft between them. This image has 
been acquired following excision of a transverse vaginal septum. D: Axial T2-weighted magnetic resonance image showing divergent, 
non-distended uteri. 



Figure 34.24 Hysterosalpingogram demonstrating a bicornuate, 
unicollis uterus. 
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Figure 34.25 TA scan transverse image demonstrating 
diverging uterine horns (red dots) in a bicornuate uterus. 



Figure 34.26 TV scan transverse image through uterine body 

demonstrating a septate uterus with two discrete, echogenic 
endometria (red dots) separated by a hypoechoic structure (yellow 
dot). This is either a muscular or fibrous septum. 


Class VII anomalies represent the consequences of in-utero expo¬ 
sure of the female fetus to diethylstilbesterol (DES). DES is a syn¬ 
thetic oestrogen introduced in 1948 and given to women experiencing 
recurrent spontaneous abortions and premature deliveries up until 
1971. The structural anomalies described in women who were 
exposed in utero to DES include a hypoplastic uterine cavity, short¬ 
ened upper uterine segment, T-shaped uterus, hypoplastic cervix, 
transverse septa, circumferential vaginal or cervical ridges, and 
cervical hood or collar. Tubal anomalies have also been described 
including tubal shortening and fimbrial abnormalities. Women 
exposed to DES in utero also have an increased risk of developing 
vaginal clear cell carcinoma. 23 
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NORMAL SIZE AND APPEARANCES 

Despite technological advances in other imaging techniques, ultra¬ 
sound remains the initial investigation of choice for evaluation of 
the ovaries. The ovaries vary in appearance in relation to age and 


the menstrual cycle and it is essential to appreciate the range of 
normal appearances in order to correctly identify and characterise 
pathology 

Position 


The ovaries are paired, oval structures which usually lie posterola¬ 
teral to the uterus, attached to the posterior leaf of the broad liga¬ 
ment by a double fold of peritoneum, the mesovarium, which 
conveys the ovarian vessels. The ovary usually has a craniocaudal 
axis, with its tubal extremity uppermost, and its uterine extremity 
attached to the upper angle of the uterus by the ovarian ligament, 
also known as the round ligament of the ovary. This is continuous 
with the round ligament (of the uterus), which extends from the 
uterine cornua to the pelvic wall and crosses forwards to traverse 
the inguinal canal and terminate in the labium majus (Fig. 35.1). 
These ligaments are remnants of the fetal gubernaculum and are 
not generally visualised by ultrasound unless outlined by ascites 
(Fig. 35.2). The part of the broad ligament extending between the 
attachment of the mesovarium and the lateral wall of the pelvis is 
sometimes called the suspensory ligament of the ovary. 

The ovary usually lies on the peritoneum of the pelvic side wall, 
in the angle between the internal and external iliac vessels, and its 
position anterior to the internal iliac vessels serves as a useful refer¬ 
ence for its identification (Fig. 35.3). The position of the ovaries may 
be variable, however, due to factors such as laxity of the ligaments 
and in practice, a search for the ovaries should be made from the 
pouch of Douglas (Fig. 35.4) to the superolateral aspect of the 
uterus. Previous surgery can also alter the position, and after hys¬ 
terectomy the ovaries may lie medially, directly superior to the 
vaginal vault. 1 

Size 


The ovaries vary in size according to age and also in relation to the 
stage of the menstrual cycle. 

Ovarian volume is considered to be the best method for deter¬ 
mining ovarian size. The volume of the ovary can be calculated 
using the formula, length x width x anteroposterior diameter x 
0.523 (i.e. the formula for a prolate ellipse). 

The reported normal range of ovarian volumes for adult men¬ 
struating females has varied between series. This may reflect a 
number of factors, such as the scan technique used (transabdominal 
versus transvaginal) and the different populations studied (asymp¬ 
tomatic versus symptomatic). Furthermore, fluctuation in ovarian 
size throughout the menstrual cycle makes defining normal ovarian 
volumes difficult. Merz et al. recorded a mean ovarian volume of 
7-8 cm 3 with a standard deviation of approximately 2.5 in pre¬ 
menopausal women using transvaginal ultrasound. 2 

In postmenopausal women, ovarian size depends on the time 
since the menopause, with a number of studies showing that 
ovarian volume decreases with increasing time elapsed. 2,3 Tepper 
et al. have established normal values for ovarian volume, according 
to menopausal age, in healthy postmenopausal women and found 
that mean ovarian volume decreased from 8.6 cm 3 , in the first year 
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Figure 35.1 A: Diagram showing the uterus and ovaries and their related ligaments. B: Left adnexa. Transverse, transvaginal ultrasound 
image, demonstrating the superior aspect of the broad ligament (arrowheads), and the left ovary (arrows). 
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Figure 35.2 Transvaginal ultrasound image demonstrating 
the ovarian ligament (arrow). This ligament is not usually seen but 
can be visualised when outlined by ascites. 


post menopause, to 2.2 cm 3 , after 15 years (Table 35.1). 3 Tepper, in 
association with others, has also tried to determine whether differ¬ 
ent ovarian volume cut-off values can distinguish between normal, 
benign and malignant lesions in postmenopausal women. In a 
study of 362 postmenopausal women prior to gynaecological 
surgery, an ovarian volume of less than 8 cm 3 had a 100% negative 
predictive value for ovarian cancer. They concluded, however, that 
it was not possible to define a cutoff value to distinguish between 
benign and malignant lesions and that any enlarged ovary, >8 cm 3 , 
in a postmenopausal woman may contain a malignancy. 4 

Appearances 


The ovary consists of a fibrous stroma covered by a single layer of 
cuboidal epithelium. The tunica albuginea is a layer of fibrous tissue 
immediately deep to the epithelium. The stroma is made up of a 
peripheral cortex and central medulla. The cortex contains numer¬ 
ous follicles, which contain female gametes in various stages of 
development, while the central medulla is highly vascular and 
contains few follicles. Ultrasonically the normal ovary is of 


Table 35.1 Ovarian volume in relation to the number of 
years since the menopause 


Ovarian volume (cm 3 ), 

Years since menopause 

mean ± SD 

1-2 

6.2 ± 2.7 

3-4 

5.2 ±1.6 

5-6 

4.0 ± 1.8 

7-8 

3.1 ±1.3 

9-10 

2.8 ±2.1 

11-12 

2.4 ± 1.3 

13-14 

2.2 ± 1.3 

15+ 

2.2 ± 1.4 


Data adapted from Tepper et a !. 3 


relatively homogeneous echo texture. The follicles, which help in 
the identification of the ovary, are seen as echo-free areas, predomi¬ 
nantly in the cortex, while the central medulla is more echogenic. 
The size of the follicles varies with the stage of the menstrual cycle 
and with age, and in practice, the postmenopausal ovary is harder 
to find because of its small size and the fact that it contains fewer 
or no follicles (Fig. 35.5). Ability to visualise both ovaries in post¬ 
menopausal women with transvaginal scanning has been reported 
to be possible in between 60% and 97% cases. 2,3 However, if a thor¬ 
ough examination with a transvaginal probe fails to identify a post¬ 
menopausal ovary it is unlikely that a significant pathology will 
remain undetected. 

Cyclical variations 


The appearance of the premenopausal ovary varies in response to 
the gonadotrophic hormones, follicule-stimulating hormone (FSH) 
and luteinising hormone (LH) secreted by the anterior pituitary. 
Three phases of the ovarian cycle are recognised ultrasonically, the 
follicular phase, ovulation and the luteal phase. 
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Figure 35.3 Position of the ovary in relation to the iliac vessels. A: Transvaginal scan showing the position of a normal ovary 
(arrowhead) anterior to the iliac vessels (arrow). B: Transabdominal scan showing a normal ovary (O) visualised between the internal and 
external iliac vessels. 
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Figure 35.4 Transvaginal image showing a normal ovary Figure 35.6 Transvaginal image of an ovary, containing a 

(arrow), lying within the pouch of Douglas. dominant follicle (arrow), in the follicular phase of the ovarian cycle. 



Figure 35.5 Transvaginal image showing a normal 
postmenopausal ovary (arrow). The ovary lies adjacent to bowel, 
which is causing acoustic shadowing. 


The follicular phase begins on the first day of menses and con¬ 
tinues to ovulation, 10-14 days later. During the follicular phase, 
the ovaries contain several immature follicles, typically less than 
1 cm, with a dominant follicle becoming evident by day 8-12 (Fig. 
35.6). The dominant follicle reaches a pre-ovulation, mean diameter 
of between 20-23 mm. 

There are no reproducible sonographic signs which reliably 
predict ovulation, but a cumulus oophorus may be seen, as an 
eccentric, echogenic or cyst-like mural protrusion, 12-24 hours 
prior to ovulation. Some fluid may be present in the pouch of 
Douglas, particularly after ovulation, with the fluid formed pre¬ 
dominantly from the active ovary. 

In the luteal phase, a corpus luteum, which forms from the rup¬ 
tured follicle, can be seen in most cases. The function of the corpus 
luteum is to produce hormones to support the early pregnancy 
prior to the placenta taking over. The corpus luteum may have a 
varied appearance on ultrasound, reflecting its maturation and 
involution. It may appear hypoechoic with thick walls. Haemor¬ 
rhage is common and it often appears as an irregular or crenated 
cyst with low-level echoes and circumferential flow (Fig. 35.7A, B). 
In the absence of fertilisation, the corpus luteum begins to undergo 
involution and is eventually replaced by scar tissue to form a corpus 
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Figure 35.7 Corpus luteum. Transvaginal images showing (A) characteristic appearance of a crenated cyst (callipers) with internal 
echoes, (B) characteristic circumferential flow, and (C) the endometrium in the secretory phase of the cycle (callipers) of the same patient. 
The presence of a corpus luteum should correlate with an endometrium in the secretory phase. 


albicans. The corpus luteum disappears shortly before, or with the 
onset of, menstruation and should not be visible more than 72 hours 
into the subsequent cycle. 

It is important to relate the stage of the cycle of the ovary with 
that of the endometrium; thus the presence of a corpus luteum 
should correlate with the presence of a secretory endometrium (Fig. 
35.7C). Recognition of these physiological changes of the ovary in 
relation to the menstrual cycle can help avoid unnecessary follow¬ 
up of functional cysts. 


FUNCTIONAL CYSTS 


Follicular cysts 


The development of physiological follicles is a normal function of 
the ovary. Follicular cysts occur as a result of failure of ovulation, 
or failure of involution of a mature follicle. They are commonly seen 
at ultrasound, although their true incidence is unknown, as they are 
often asymptomatic. Most follicles are small, but as they mature can 
reach sizes of 2.5-3.0 cm. The term follicular cyst should therefore 
be reserved for cystic structures greater than this size, which can 
become as large as 20 cm. The typical appearance is of a unilocular 
cyst with no internal echoes, a thin smooth wall, and posterior 
acoustic enhancement. Follicular cysts are often detected inciden¬ 
tally and usually regress spontaneously (Fig. 35.8). 

Corpus luteal cysts 


Following ovulation, the corpus luteum forms from the ovulatory 
follicle. Corpus luteal cysts result from failure of involution of 



Figure 35.8 Transabdominal ultrasound image of a simple 
ovarian cyst (arrow), which contains anechoic fluid, has an 
imperceptible wall and shows posterior acoustic enhancement 
(arrowhead). 


the corpus luteum. They are prone to haemorrhage and rupture, 
tending to be more symptomatic than follicular cysts, and patients 
often present with pain. Complex luteal cysts can mimic malignant 
lesions and follow-up may be required to ensure resolution. 

Haemorrhagic cysts 


Haemorrhage may occur in both types of functional cyst, although 
it is more common with corpus luteal cysts. Haemorrhagic cysts 
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Figure 35.9 Haemorrhage. Transvaginal ultrasound image of an 
ovary containing an area of increased echogenicity (arrow), 
consistent with haemorrhage, which resolved on follow-up imaging. 
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Figure 35.10 Reticular appearance of a haemorrhagic cyst. 

Transvaginal image showing a cyst containing a fine network of 
interfaces which are thought to correspond to fibrin strands. 
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Figure 35.11 Haemorrhagic cyst (arrow) with a fluid level. The 
hyperechoic component layers interiorly as opposed to a dermoid 
where the hyperechoic component tends to be located superiorly. 


(Fig. 35.12). In addition, mural nodules tend to have a similar echo¬ 
genicity to the cyst wall whereas thrombus is usually less echo- 
genic. 5 While not all mural nodules will demonstrate blood flow, 
the presence of flow within a lesion effectively excludes thrombus. 
It is not always possible to make a definitive diagnosis, however, 
and resolving haemorrhage may sometimes contain apparent septa 
or mural nodules (Figs 35.13 and 35.14). 

Management depends on clinical factors, including age and 
symptoms. Haemorrhagic cysts occur almost exclusively in relation 
to ovulation, and therefore should not occur in postmenopausal 
women. An asymptomatic lesion, which is characteristic for a 
haemorrhagic cyst, may not require follow-up. If a haemorrhagic 
lesion is suspected but appearances are atypical, a follow-up scan 
at 6-12 weeks is recommended, as most physiological lesions will 
show regression. Lesions that do not resolve may still be benign, 
such as an endometrioma, but persistent lesions will require gynae¬ 
cological assessment regarding further treatment. A haemorrhagic 
cyst may be seen in association with an excess of fluid within the 
pouch of Douglas, which, in the correct clinical context, may indi¬ 
cate cyst rupture. 


have a variety of appearances at ultrasound, related to the changes 
in blood products with time. These include clot formation, retrac¬ 
tion and lysis. Acute haemorrhage may be purely echogenic (Fig. 
35.9) and can sometimes appear as a solid mass, although the pres¬ 
ence of posterior acoustic enhancement helps to confirm the cystic 
nature of the lesion. 

As the haemorrhage evolves it tends to develop a reticular 
appearance or a fine network of interfaces, which are thought to 
correspond to fibrin strands (Fig. 35.10). Fluid levels may be seen 
due to layering of the blood products (Fig. 35.11). With further 
organisation, solid areas of clot may be seen which later show 
retraction (Fig. 35.12). 

The appearances of haemorrhagic cysts are clearly variable 
depending on their stage of evolution and thus they may simulate 
malignancies and other complex lesions. Patel et al. have identified 
fibrin strands and clot retraction in a smooth-walled cyst as the 
key features in the diagnosis of a haemorrhagic cyst. 5 It is impor¬ 
tant to try and distinguish these features from septa and solid 
mural nodules, which are more characteristic of neoplastic lesions. 
Septa are usually thicker and more reflective than fibrin strands. 5 
Although septa may be multiple they usually appear discrete, as 
opposed to fibrin strands, which are typically mesh-like. Blood 
flow may be detected within septa but will not be observed within 
fibrin strands. 

Retracting thrombus, which often has a concave margin, may be 
distinguished from mural nodules which are more typically convex 5 


Paraovarian cysts 


Paraovarian cysts account for 10% of adnexal masses. 6 They have 
been considered difficult to diagnose preoperatively, 7 although a 
recent retrospective study of 50 paraovarian cysts found that they 
were all correctly identified, by transvaginal scanning, prior to 
surgery. 8 They arise from the broad ligament and are usually of 
mesothelial or paramesonephric origin, and are less commonly 
derived from mesonephric remnants. 9,10 The cysts are most common 
in the third and fourth decades 6 and are often asymptomatic. They 
usually have the appearance of simple cysts although they may 
contain echoes and can be complicated by haemorrhage, infection 
or torsion. Paraovarian cysts containing neoplasm have also been 
described. 10 It is claimed that they are frequently located superior 
to the uterine fundus, particularly as they enlarge in size, 6 possibly 
explained by the mobility afforded by the broad ligament. Parao¬ 
varian cysts do not show cyclical changes and a specific diagnosis 
is only possible if the ipsilateral ovary can be demonstrated sepa¬ 
rate to the cyst 11 (Fig. 35.15). 


Peritoneal inclusion cysts 


Peritoneal inclusion cysts represent non-neoplastic, reactive mes¬ 
othelial proliferation. 12 They are not true ovarian cysts, but 
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Figure 35.12 A and B: Clot retraction in haemorrhagic cysts. The clot in each of these haemorrhagic cysts has a concave margin 
(arrowhead), helping to distinguish it from a mural nodule. 



Figure 35.13 Transvaginal ultrasound image of a 
haemorrhagic cyst (arrow). This contains apparent septa due to 
clot retraction but these resolved on follow-up imaging. 



Figure 35.15 Transvaginal ultrasound image shows a cystic 
lesion (arrow) separate from the right ovary (arrowhead), which was 
proven at histology to be a paraovarian cyst. 



Figure 35.14 Haemorrhagic cyst with clot retraction. The 

internal echoes give the appearance of a thick wall and a septum 
(arrow), but these echoes showed movement on real-time scanning, 
did not show colour flow and resolved on follow-up imaging. 


represent an accumulation of fluid, produced by the ovary, which 
fails to be resorbed by abnormal peritoneum and becomes con¬ 
tained by peritoneal adhesions. Their formation requires a function¬ 
ing ovary and the presence of adhesions, and they therefore 
occur predominantly in premenopausal women with a history of 


previous surgery, pelvic inflammatory disease, trauma or endome¬ 
triosis. Peritoneal inclusion cysts are lined by mesothelial cells and 
are also known as peritoneal pseudocysts or benign cystic mesothe¬ 
lioma, reflecting their origin. They have no malignant potential. 13 
Clinically they often manifest as pain or a pelvic mass. 

Ultrasonic appearances 

Peritoneal inclusion cysts typically appear as multicystic, adnexal 
masses (Fig. 35.16). They are extra-ovarian, with fluid surrounding 
the ovary, without involvement of the parenchyma, and a key 
feature for their diagnosis is the presence of a normal, albeit some¬ 
times distorted, ovary surrounded by septa and fluid. The ovary is 
not always identified, however, and may lie within the periphery 
of the cyst. 13,14 The walls of the cyst are formed by adjacent pelvic 
structures and acute angular margins are a characteristic feature. 
The differential diagnosis includes a paraovarian cyst or a hydros¬ 
alpinx. 13 Occasionally the entrapped ovary can be mistaken for a 
solid nodule, and dense adhesions may form thick septa, which 
may show vascularity, making distinction from an ovarian tumour 
difficult. A recent prospective study reports the sensitivity of trans¬ 
vaginal sonography in the diagnosis of peritoneal inclusion cysts as 
62%, with a specificity of 96%. 12 A stable appearance on follow-up 
imaging, and the use of other imaging techniques, such as magnetic 
resonance imaging (MRI), may be helpful. 
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Figure 35.16 Transvaginal ultrasound image of a peritoneal 
inclusion cyst (between callipers), with fluid contained within 
septations which represent adhesions. The ovary itself is not clearly 
identified. 


Peritoneal inclusion cysts often recur after surgery and their rec¬ 
ognition at ultrasound may allow for a more conservative approach 
to treatment, such as hormonal therapies to suppress ovulation. 
Transvaginal aspiration has also been used for treatment, although 
cysts may recur. 

Ovarian remnant syndrome 


Ovarian remnant syndrome is an unusual condition, which occurs 
following a salpingo-oophorectomy where residual ovarian tissue 
is left, which can then result in pain or a pelvic mass. Incomplete 
excision of the ovaries is more common after difficult or repeated 
surgery, often for endometriosis or pelvic inflammatory disease, 
although it has occurred following surgery for removal of pelvic 
tumour. 15 The syndrome can occur from weeks to years following 
oophorectomy, and patients usually present with chronic pelvic 
pain, pain associated with a pelvic mass or an asymptomatic pelvic 
mass. Presentation with urinary symptoms, including obstructive 
uropathy, has also been reported. 15 Ovarian remnants may become 
incorporated within a peritoneal inclusion cyst. 16 

The sonographic appearance of ovarian remnants varies from 
small to large cystic masses, which may be simple or multiseptated 
cysts. 16 Distinction from peritoneal inclusion cysts, which often 
have a similar history, may be possible by finding the presence of 
ovarian tissue within the wall of a mass. Peritoneal inclusion cysts 
may contain a normal ovary within a cyst, whereas only a thin 
rim of tissue can usually be seen within an ovarian remnant 16 
(Fig. 35.17). 

Treatment is usually surgical excision by laparotomy or, more 
recently, laparoscopy, although hormonal treatments and percuta¬ 
neous aspiration have been described. 16 Carcinoma developing in 
an ovarian remnant is rare, but has been reported. 17 

Postmenopausal cysts 


With the increase in radiological imaging in general, and transvagi¬ 
nal ultrasound in particular, it has become apparent that ovarian 
cysts are common in postmenopausal women, with a reported 
prevalence of up to 20%. 18,19 Previously, surgery would have been 
considered the appropriate management for such cysts, but more 
recent studies have shown that the risk of malignancy in simple 
cysts under 5 cm in size is low (less than 1%) and furthermore that 
50% of such cysts will resolve within 3 months 18,20,21 (Fig. 35.18). The 
Royal College of Obstetricians and Gynaecologists' guidelines rec¬ 
ommend that postmenopausal cysts are assessed by transvaginal 
ultrasound and serum CA125 levels. Where CA125 levels are 
normal and simple cysts are less than 5 cm, conservative manage¬ 
ment may be appropriate with repeat US examinations every 4 
months up to one year. Surgery should be considered for cysts 
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Figure 35.17 Transvaginal image of a cystic ovarian remnant 

(arrow), which was proven histologically. Ovarian tissue is identified 
within the wall of the cyst (arrowhead). 
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Figure 35.18 Postmenopausal cyst. Transvaginal, transverse and 
longitudinal, views of a simple postmenopausal cyst (arrow). 


greater than 5 cm or cysts that increase in complexity or size on 
follow-up. 18 

Polycystic ovary syndrome (PCOS) 


PCOS is a syndrome of ovarian dysfunction associated with 
complex endocrine and metabolic disturbances. The key features of 
this syndrome include menstrual cycle changes and hyperandro- 
genism. Other manifestations include obesity, infertility, hirsutism 
and type 2 diabetes. The LH/FSH ratio is often, although not 
always, elevated and this is no longer a requisite for diagnosis. The 
definition of PCOS has recently been refined, 22 with two out of the 
following three criteria now required for a diagnosis (once appro¬ 
priate tests have been performed to exclude other causes of andro¬ 
gen excess and menstrual disturbance such as congenital adrenal 
hyperplasia and Cushing's disease): 

1. oligo- and/ or anovulation 

2. clinical and/or biochemical signs of hyperandrogenism 

3. finding of a polycystic ovary on ultrasound. 

The new definition now includes a description of the morphology 
of the polycystic ovary (Fig. 35.19), which should have at least one 
of the following: 

1. twelve or more follicles measuring 2-9 mm in diameter or 

2. increased ovarian volume >10 cm 3 . 
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Figure 35.19 Transvaginal image of an enlarged ovary with 
multiple small follicles, consistent with a polycystic ovary. 


0 * 

RT OVARY l ; -j. 


T 

♦ 0 

a!+ 







+ 

A + 

... <4. *40 



^6C1 

T50 

15 fps 


t 

_ ^T5 0 

ps ‘ 

20 ♦ 




♦ 20 


Figure 35.20 Ovarian hyperstimulation syndrome. 

Transabdominal images of a markedly enlarged ovary, with multiple 
cysts (between callipers). Mild ascites was present. 


A single polycystic ovary is sufficient for the diagnosis, but if 
there is a follicle more than 10 mm in diameter, the scan should be 
repeated at a time of ovarian inactivity A peripheral distribution 
of follicles and bright ovarian stroma are no longer required for the 
diagnosis. Other factors regarding optimal technique for scanning 
are outlined in the guidelines and include that: 

■ the transvaginal route should be used wherever possible, 
particularly with obese women 

■ the scan should ideally be performed in the first 3 days of the 
menstrual cycle, if practical, or at random if there is oligo- or 
amenorrhoea 

■ the number of follicles should be estimated in both the 
longitudinal and anteroposterior cross-sections of the ovary 

■ the size of follicles less than 10 mm should be expressed as 
the mean of the diameters measured on two sections. 

It should be stressed that an ultrasound finding of a polycystic 
ovary is not by itself diagnostic of PCOS, which is a syndrome and 
requires the additional features described. 23 Likewise, if the clinical 
and biochemical features are present, an ultrasound is not required 
for the diagnosis. It is believed that 20% of women with polycystic 
ovaries have no symptoms. 22 While the previous criteria did not 
include ovarian appearance, some are concerned that the ultra¬ 
sound criteria in the new definition are too broad. This could result 
in a low specificity with multifollicular ovaries being considered 
polycystic ovaries. 23 

The incidental discovery of a polycystic ovary can be an impor¬ 
tant finding to report. For example, in women with ovulatory infer¬ 
tility, where PCOS is not the cause, the presence of a polycystic 
ovary increases the risk of hyperstimulation syndrome if drugs are 
administered to stimulate the ovaries for assisted conception. 22 

Hyperreactio luteinalis and ovarian 
hyperstimulation syndrome 


Theca lutein cysts 

These are the largest of the functional cysts, and they result from 
excessive stimulation by gonadotrophins. They are seen primarily 
in patients with trophoblastic disease or as a result of iatrogenic 
administration of human chorionic gonadotrophin (hCG) for the 
treatment of infertility. 

Hyperreactio luteinalis (HL) and ovarian hyperstimulation syn¬ 
drome (OHSS) are both rare conditions during pregnancy. HL 
occurs during a spontaneous pregnancy and is characterised by 
the presence of multiple luteinised cysts secondary to hyperstimu¬ 
lation by hCG or increased sensitivity to hCG. HL occurs most 
commonly with hydatidiform mole or choriocarcinoma as well as 


other conditions resulting in high levels of hCG, such as multiple 
pregnancy. It has also been recorded with otherwise normal 
pregnancies. 

This condition is usually asymptomatic or presents with mild 
abdominal symptoms. Ultrasound features are of bilaterally, or 
rarely unilaterally, enlarged ovaries which range in size from 3 to 
20 cm. Multiple cysts and minimal stroma are said to give a 'spoke 
wheel' appearance. 24 Rarely, haemorrhage may occur into the cysts. 
Torsion or rupture can also occur and presentation in such cases is 
with acute pain. Ascites and pleural effusions are rare, although 
they may be seen in severe cases. Maternal virilisation is an associ¬ 
ated finding in approximately 25% patients. 24 

Ovarian hyperstimulation syndrome 

Ovarian hyperstimulation syndrome (OHSS) is an iatrogenic 
form of HL, following ovulation induction for the treatment of 
infertility. In addition to the enlarged ovaries (Fig. 35.20), this syn¬ 
drome is characterised by ascites and pleural effusions. Systemic 
effects are thought to be due to vasoactive products released 
from hyperstimulated ovaries. In severe cases there may be marked 
fluid shifts with development of renal or liver dysfunction, 
acute respiratory distress syndrome (ARDS) and thrombotic 
complications. 25 

Most cases of severe ovarian hyperstimulation syndrome are 
seen following IVF treatment, but the condition can occur following 
any supraphysiological ovarian stimulation, including gonado¬ 
trophin ovulation induction and also, albeit rarely, with clomiphene 
alone. 25 Mild forms of the syndrome are common, affecting up to 
33% of IVF cycles, but only 3-8% of IVF cycles are complicated by 
moderate or severe OHSS. Young lean women and those with poly¬ 
cystic ovaries are supposedly at increased risk and the severity is 
increased in cycles where conception occurs. 

OHSS has rarely been reported to occur in spontaneously con¬ 
ceived pregnancies. 24 In these cases it may be difficult to distinguish 
severe HL from spontaneous OHSS. Whilst some authors distin¬ 
guish the two on the basis of aetiology and clinical course, others 
view the conditions as a continuum. 24 In practice, the distinction is 
not important clinically as the treatment is the same. 

OHSS has been classified according to severity, into mild, moder¬ 
ate, severe and critical grades. 26 In mild cases the ovaries usually 
measure less than 8 cm in association with mild abdominal symp¬ 
toms, while in moderate cases the ovaries are larger, between 8 and 
12 cm, with ultrasonic evidence of ascites. Severe disease is charac¬ 
terised by clinical ascites, with the ovaries often over 12 cm in size. 
With critical OHSS there may be tense ascites or a large hydrotho¬ 
rax, thromboembolic episodes and ARDS. Paracentesis may be 
helpful for the relief of symptoms and should be performed under 
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ultrasound guidance to avoid inadvertent puncture of the enlarged 
ovaries. 


OVARIAN TORSION 


Adnexal torsion is the partial or complete rotation of the ovarian 
pedicle on its long axis. It usually involves both the ovary and 
tube 27,28 and, if persistent, can result in infarction of the adnexal 
structures. Early intervention is important to attempt to preserve 
the ovary, but diagnosis is often difficult with both the clinical 
symptoms and signs and imaging features being non-specific. 

Adnexal torsion has a prevalence of 2.7%. 29 It occurs predomi¬ 
nantly in women of reproductive age or younger, and a pre-existing 
ovarian lesion is common. 30 Underlying lesions are usually benign, 
with teratoma being the most commonly reported, although under¬ 
lying malignancy has been described. Torsion in the absence of an 
underlying condition is thought to be more common in children, 
where the adnexal structures are more mobile. When torsion occurs 
in postmenopausal women there is a higher incidence of an under¬ 
lying lesion. 27 Other predisposing factors for torsion include preg¬ 
nancy and ovulation induction. The right ovary is reported to be 
affected more frequently than the left in some series, 29,30 possibly 
related to the position of the colon on the left side. 

The most common clinical presentation of torsion is acute onset 
of severe abdominal or pelvic pain often localised to a lower quad¬ 
rant. Associated symptoms and signs include nausea and vomiting, 
leucocytosis and fever. A palpable abdominal mass maybe present. 27 
The absence of additional symptoms and signs does not, however, 
exclude the diagnosis. 

The appearances of ovarian torsion are variable depending on 
whether it is partial or complete and on the presence or absence of 
a pre-existing mass. The most common sonographic finding is 
enlargement of the ovary or the presence of an adnexal mass, which 
may be cystic, solid or complex and which often reflects the under¬ 
lying lesion (Fig. 35.21). Pelvic fluid is frequently an associated 
finding. 31 Previous reports suggest that the presence of multiple, 
small, peripheral follicles in a unilaterally enlarged ovary is a spe¬ 
cific finding for torsion, 32,33 although other authors have failed to 
confirm this. 34 A recent review suggests that the only consistent 
greyscale finding in torsion is enlargement of the ovary or ovary 
mass complex and that other previously described findings, such 
as ground glass and cystic changes, are nonspecific. 35 

Various colour Doppler findings in torsion have been described 
but these are often conflicting. A number of studies have reported 


absence or abnormality of venous and/or arterial flow in associa¬ 
tion with torsion, 34 with some authors reporting the positive predic¬ 
tive value for torsion in the absence of venous flow as 94%. 36 
However, others have shown normal arterial or arterial and venous 
flow in proven cases of torsion, 27 thought to be explained by either 
incomplete or intermittent torsion, or the presence of a dual arterial 
blood supply to the ovary (Fig. 35.22). Some have described a 
twisted vascular pedicle as a feature suggestive of ovarian torsion, 37 
although this is not a specific finding. A more recent study has 
documented the sonographic whirlpool sign, i.e. the presence of 
hypoechoic vessels around the central axis of the twisted pedicle 
seen on greyscale imaging, as a more specific sign of ovarian 
torsion, with evidence of colour flow within this whirlpool of 
vessels an indicator of viability of the ovary. 31 Whilst the presence 
of this sign may be a good predictor of torsion, there is no indica¬ 
tion, in this study, as to how often cases of torsion are likely to 
demonstrate this feature. 

A recent retrospective review of 39 patients with proven torsion 
found that abdominal pain, vomiting, ovarian enlargement and 
absence of venous flow were the most common associations with 
torsion. However, ovarian enlargement, even in the presence of 
arterial and venous flow, is the most commonly associated ultra¬ 
sound finding. The authors conclude that suspicion for torsion 
should be high if a patient presents with the appropriate clinical 
symptoms and ovarian enlargement, regardless of the presence or 
absence of flow. In these cases surgical exploration should not be 
delayed. 35 


CHARACTERISATION OF 
AN ADNEXAL MASS 


Adnexal masses are a common clinical problem, with many women 
undergoing surgery for suspicious masses, the majority of which 
turn out to be benign. Ultrasound is usually the first-line investiga¬ 
tion for evaluation of a suspected adnexal mass. It has high sensitiv¬ 
ity for the detection of pelvic masses and for confirming that a mass 
is of ovarian as opposed to uterine origin, as well as excluding other 
pathologies such as bowel-related lesions. 

The distinction from fibroids can be a particular problem, and not 
uncommonly a pedunculated or broad ligament fibroid may mimic 
an ovarian lesion or vice versa, especially where degeneration of a 
fibroid alters the characteristic ultrasonic appearances. In these 
instances, full assessment, often including further imaging with 
MRI, is appropriate. 




Figure 35.21 Two examples of pathologically proven torsion. A: No underlying cause could be identified. B: Torsion of a cystic 
epithelial tumour resulting in infarction. Both cases were associated with free fluid. 








Characterisation of an adnexal mass 



Figure 35.22 Surgically proven torsion of the ovary and tube. A: The enlarged ovary (arrow) shows peripheral follicles. B: Colour 
Doppler images show flow within the ovary and arterial flow is demonstrated with spectral Doppler. 
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Figure 35.23 Pathway of imaging and intervention for suspected ovarian cancer. (Redrawn with permission from Investigating women 
with suspected ovarian cancer. Spencer JA et al. Gynecologic Oncology 108 (2008) 263. Elsevier.) 


Ultrasound also has an important role in characterisation of an 
ovarian lesion, in order to inform decisions regarding treatment. 
The most important distinction is between a non-neoplastic or 
benign lesion as opposed to an ovarian cancer. Optimal surgical 
resection for ovarian cancer includes radical hysterectomy, bilateral 
oophorectomy and omentectomy with lymph node sampling, and 
best results are obtained when such extensive surgery is performed 
by specialist gynaecologists in cancer centres. 38 In benign or border¬ 
line malignant lesions more limited surgery, such as cystectomy or 
oophorectomy, may be appropriate and laparoscopic techniques 
may be an option. Optimal characterisation of lesions is therefore 
important in order to allow appropriate subspecialty referral, avoid 
inadequate surgery in malignant disease and likewise avoid inap¬ 
propriate radical surgery for benign lesions. 

Whilst ultrasound is useful in the characterisation of an ovarian 
mass, its limited specificity means that a number of lesions will 
remain indeterminate. A combination of clinical information (espe¬ 
cially age and menopausal status), ultrasound features and tumour 
markers can be used to make decisions regarding further imaging 
or treatment strategies, with these decisions now generally made in 
the setting of the multidisciplinary team meeting (MDT). 


Where clinical findings, ultrasound and CA125 levels suggest a 
benign lesion, follow-up imaging with ultrasound is recommended 
if symptoms do not require immediate surgery. 

If they suggest a malignant lesion, either surgical staging or com¬ 
puted tomography (CT) is generally performed. CT is increasingly 
used to assess the extent of disease and suitability for surgery. In 
addition, CT can help to exclude other primary sites of tumour such 
as gastric or colonic carcinoma, which can mimic the appearance of 
ovarian cancer with peritoneal disease and ovarian masses. While 
MRI is superior to CT in assessing local spread of disease and is 
probably at least equivalent in terms of staging ovarian cancer, the 
limited availability of this technique means that CT remains the 
primary imaging modality for staging. 

Where patients are considered for neoadjuvant chemotherapy, 
both ultrasound and CT may be helpful in guiding biopsy to obtain 
histology prior to treatment. While it may be appropriate to obtain 
histology for advanced tumours, biopsy is contraindicated for local¬ 
ised ovarian cancer, because of the potential to seed tumour and 
upstage the disease. 

Indeterminate lesions with equivocal or contradictory findings 
on US, clinical examination and CA125 are best evaluated with 
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MRI, which serves as a problem-solving technique. MRI can provide 
tissue characterisation based on signal properties and has increased 
specificity for diagnosing benign lesions, such as endometriomas 
and teratomas, which can mimic malignancy on ultrasound 
examination. 


BENIGN VERSUS MALIGNANT 
OVARIAN LESIONS (See Fig. 35.23) 

While no single feature allows reliable distinction between benign 
and malignant lesions, a number of morphological features have 
been reported to be useful for characterisation. Well-defined, ane- 
choic lesions are likely to be benign. With complex lesions, features 
reported to be more likely to indicate malignancy include large size, 
thick (>3 cm) irregular walls, thick (>3 cm) irregular septa, papil¬ 
lary nodules and solid elements. Not all authors consider size to be 
important. 39 The most significant feature is thought to be the pres¬ 
ence of solid areas within an ovarian mass although a hyperechoic 
solid area is more likely to indicate a benign lesion on account of 
this being a particular feature of dermoids. 39 The presence of ascites 
is also suggestive of malignant disease. 39 

Greyscale ultrasound has a high sensitivity and negative predic¬ 
tive value for the characterisation of malignant masses, but has a 
low specificity and positive predictive value. Thus, as Stein has 
shown, whilst greyscale ultrasound can reliably predict benign 
lesions and is sensitive in the detection of malignancy, the low 
specificity means that many benign lesions are categorised as malig¬ 
nant on the basis of their morphology. 40 

The difficulties in distinguishing lesions purely on the basis of 
morphology led to a search for additional methods of discrimina¬ 
tion, with colour and spectral Doppler initially appearing promis¬ 
ing. The presence and distribution of colour flow have been 
considered important, with benign lesions tending to show periph¬ 
eral flow and malignant lesions demonstrating internal flow. 41 
However, others have demonstrated considerable overlap in flow 
patterns and again the low positive predictive value makes the use 
of colour Doppler alone unhelpful. 40 

The use of spectral Doppler is based on the presence of angio¬ 
genesis in malignant tumours. New vessels lack smooth muscle 
within their walls and this combined with arteriovenous shunting 
results in low resistance (increased diastolic) flow. Initial studies 
reported high sensitivities and specificities for spectral Doppler in 
distinguishing benign and malignant lesions 42,43 Various thresholds 
for these parameters have been described, the most common using 
a pulsatility index (PI) of <1 or a resistive index (RI) of <0.4 as evi¬ 
dence of malignancy. Many studies have failed to confirm these 
findings, however, and there is too much overlap with benign 
lesions to make this a reliable technique. 40,44,45 

Despite the limitations, the use of Doppler imaging may still, 
however, be an important adjunct to morphological evaluation. A 
study using combined morphological and colour Doppler findings 
has emphasised the importance of interpreting the significance of 
flow in relation to its precise location, taking into account the mor¬ 
phological features. In this way, the addition of colour Doppler 
increased the specificity and positive predictive value for diagnos¬ 
ing malignancy, but the use of spectral Doppler did not improve 
diagnostic accuracy. 46 A recent meta-analysis has also suggested 
that a combination of morphology and colour Doppler is best for 
characterisation of adnexal masses. 47 Whilst spectral Doppler cur¬ 
rently has little role in the characterisation of adnexal masses, 
colour flow continues to be used clinically and these findings help 
to define its role. 

The possible contribution from combined colour Doppler sonog¬ 
raphy with three-dimensional imaging and the potential use of 
ultrasound contrast have been considered but await further 
investigation. 48 

Scoring systems using morphological features and Doppler crite¬ 
ria have been used to try and standardise the diagnosis of ovarian 


Ovarian masses - morphological ultrasound features suggestive of 
benign or malignant disease 

Benign disease Malignant disease 

Small size Large size 

Thin walls <3 mm Thick walls >3 mm 

Smooth walls Irregular walls 

Purely cystic Solid/Complex 

Thin septa <3 mm Thick septa >3 mm 

Papillary nodules (especially if 
large/multiple) 

Highly echogenic solid component Solid component 

Ascites 

Peritoneal implants 
Lymphadenopathy 

Size: not all authors agree that size is important and whilst malignant 
tumours tend to be larger than benign tumours this is not a good 
discriminating feature. 

Solid component: a solid component is the most significant predictor 
of a malignant ovarian mass. However, a highly echogenic solid com¬ 
ponent is more likely to indicate a benign mass, as this feature is 
strongly associated with teratomas. 


cancer by assigning numerical scores to ultrasound features. 
However, similar results are obtained when experienced sonogra- 
phers use subjective criteria in conjunction with clinical informa¬ 
tion, 49 and pattern recognition is thought to be superior to scoring 
systems for discrimination between benign and malignant lesions. 50 


OVARIAN TUMOURS 


Ovarian cancer is the leading cause of mortality from gynaecologi¬ 
cal malignancy 51 and the fourth most common cause of cancer death 
in women. 52 The lifetime risk of developing ovarian cancer is 
approximately 1 in 48 for women in England and Wales. 53 There is, 
to date, no effective screening programme, and there are few spe¬ 
cific symptoms and signs of ovarian cancer. Consequently the 
majority of women present with advanced stage disease with poor 
survival rates. Approximately 60-65% women present with stage 
III disease at the time of diagnosis. Whilst the 5-year survival 
approaches 80-90% for patients with stage I disease, it ranges from 
only 5% to 50% in women with stage III—IV disease. 54 

Increasing age is a risk factor for ovarian carcinoma but the age 
distribution varies with tumour type. Epithelial ovarian cancer is a 
disease of postmenopausal women, with a median age at diagnosis 
of 62 years, whereas germ cell and sex cord stromal tumours occur 
most often in the second and third decades of life. 

The most consistently reported risk factor for ovarian cancer is 
uninterrupted ovulation, so that nulliparous women are at increased 
risk, as are those with an early menarche and a late menopause. 
Conversely, the risk is decreased with increasing parity, breastfeed¬ 
ing and the use of oral contraceptives. 

A hereditary link is recognised in less than 5% of cases, with three 
recognised inherited syndromes of ovarian cancer: 

1. breast and ovarian familial cancer syndrome, linked to the 
tumour suppressor gene BRCA1. 

2. Lynch II syndrome, characterised by colon, breast, 
endometrial and ovarian cancers in family members. 

3. site-specific ovarian cancer, the least common of the genetic 
syndromes, in which ovarian cancer is present in two or more 
first or second degree relatives. 55 






Ovarian tumours 



Figure 35.24 Benign serous cystadenoma. Transvaginal images showing (A) a thin-walled loculated lesion with hypoechic fluid. The 
septa are thin. B: A unilocular cyst with echo-free fluid and a small papillary nodule (arrow). 


Table 35.2 Classification of ovarian neoplasms 

Tumour 

type 

As 

proportion of 
all ovarian 
tumours 

Classification 

Epithelial 

65-70% 

Serous cystadenoma/ 
carcinoma 

Mucinous cystadenoma/ 
carcinoma 

Endometrioid carcinoma 
Clear cell carcinoma 
Brenner tumour 

Germ cell 

15-20% 

Mature teratoma/dermoid 
Immature teratoma 
Dysgerminoma 

Yolk sac tumour 

Sex cord 
stromal 

5-10% 

Granulosa cell tumour 
Sertoli-Leydig cell tumour 
Fibroma 

Thecoma 

Metastatic 

tumours 

5-10% 



Symptoms 


Symptoms of ovarian cancer are usually non-specific and patients 
may present with a palpable mass, abdominal pain or distension, 
weight loss or vague gastrointestinal symptoms. Hormonal activity 
may be associated with the sex cord stromal tumours but is rarely 
associated with epithelial tumours, with the exception of some 
endometrioid tumours. 

Classification 


Ovarian tumours may be primary or metastatic. They are classified 
on the basis of cell origin as epithelial, germ cell and sex cord 
stromal tumours (Table 35.2). While it is not the role of ultrasound 
to characterise tumours on a histological basis, imaging features 
may sometimes suggest a tumour subtype. 

Epithelial neoplasms 


Epithelial tumours are the most common type of ovarian neoplasm 
(Table 35.2). The majority of them are benign although most 



Figure 35.25 Serous cystadenocarcinoma. Transvaginal image 
shows a cystic lesion with prominent soft tissue elements (arrow). 
Colour flow was seen centrally within the soft tissue on Doppler 
imaging. 


malignant ovarian neoplasms (85%) are of the epithelial type. 51 
There is also a borderline category, otherwise known as Tumours 
of low malignant potential'. These tumours have cytological fea¬ 
tures of malignancy but show no evidence of stromal invasion. 51 
They are found in younger patients and have a better prognosis 
than their malignant counterparts. 

Serous tumours - serous cystadenoma and 
cystadenocarcinoma 

Serous tumours are the commonest type of epithelial neoplasms, 
comprising 30% of all ovarian neoplasms. Approximately 60% are 
benign, 25% malignant and 15% are classified as borderline or of 
low malignant potential. 51 Serous cystadenocarcinomas represent 
about 40% of malignant ovarian tumours. Cystadenomas have a 
peak incidence in women aged between 30 and 40 years, whereas 
cystadenocarcinomas are more common in perimenopausal and 
postmenopausal women. Approximately 20% of benign, but 50% of 
malignant serous tumours are bilateral. 51 

Ultrasonically, these tumours reflect their macroscopic appear¬ 
ance. They are predominantly cystic and may be either unilocular 
or multilocular with thin septa in the benign types (Fig. 35.24A). 
They contain largely echo-free, serous fluid. These tumours are 
characterised by papillary projections and their presence is the 
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Figure 35.26 Borderline serous tumour. Transabdominal 
ultrasound image of a predominantly cystic mass with an irregular 
nodule (arrow), and septa (arrowhead). There are no specific 
features to distinguish this from other serous tumours. 



Figure 35.28 Mucinous cystadenoma. Transvaginal ultrasound 
image shows a multilocular tumour with low-level echoes (black 
arrow). Individual locules may vary in echogenicity due to difference 
in mucin content. 
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Figure 35.27 Peritoneal disease. Transabdominal image showing 
omental disease (arrow), on the left side in a woman with a serous 
ovarian carcinoma. When a complex mass is discovered at pelvic 
ultrasound, the scan should be extended to look for hydronephrosis 
and evidence of tumour spread, e.g. omental disease and ascites 
Ultrasound is less sensitive than other imaging techniques for the 
detection of peritoneal disease, but if it is identified it confirms the 
presence of advanced malignant disease. 


single best predictor of an epithelial neoplasm. 56 These projections 
are often absent, or small if present, in the benign forms (Fig. 
35.24B). Profuse papillary projections are highly suggestive of bor¬ 
derline or malignant subtypes. 56 Malignant lesions tend to have 
more solid tissue overall (Fig. 35.25), with haemorrhage and necro¬ 
sis seen more commonly than with benign lesions. Imaging features 
of borderline tumours may resemble benign or malignant neo¬ 
plasms and there are no specific features that allow reliable differ¬ 
entiation 54,57 (Fig. 35.26). 

Peritoneal carcinomatosis is seen more frequently in serous than 
mucinous cystadenocarcinomas. 56 Ultrasound is less sensitive than 
other imaging modalities in the detection of peritoneal spread, 58 but 
omental deposits may be identified (Fig. 35.27) and the use of a 
linear high-frequency probe may be helpful to improve visualisa¬ 
tion of disease within the near field. 



Figure 35.29 Borderline mucinous cystadenoma. Transvaginal 
image of a multilocular cystic lesion with some solid areas (arrow). 


Mucinous tumours - mucinous cystadenoma 
and cystadenocarcinoma 

Mucinous tumours are less common than serous tumours and 
account for 20-25% of ovarian tumours. Approximately 80% of 
them are benign, 10% borderline and 10% malignant. Mucinous 
tumours are less commonly bilateral than serous tumours, with 5% 
of the benign and 15-20% of the malignant lesions occurring 
bilaterally. 51 

These lesions are usually multilocular, with multiple thin-walled 
cysts, although they may be unilocular. They tend to be larger than 
serous tumours and they often contain echogenic fluid, reflecting 
their high mucin content (Fig. 35.28). Malignant lesions tend to have 
thicker walls and septa and contain more solid elements (Figs 35.29 
and 35.30). 

Pseudomyxoma peritonei 

Pseudomyxoma peritonei is a rare condition in which there are 
peritoneal implants associated with massive mucinous ascites. The 
ascites surrounds the mesentery, bowel and organs and has mass 
effect, which can give rise to a characteristic scalloping of the 
surface of the liver and spleen. 
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Ovarian cancer - epithelial neoplasms 

• Most malignant ovarian neoplasms are of the epithelial type. 

• Malignant epithelial tumours are: 

• most common in postmenopausal women 

• uncommon before 40 years of age. 

• Epithelial tumours are primarily cystic and when malignant are 
associated with varying proportions of solid tissue. 

• Papillary projections are a characteristic feature of epithelial 
neoplasms. 

• Serous cystadenocarcinomas are more often bilateral than 
mucinous (approximately 50% of serous and 15-20% of 
mucinous cystadenocarcinomas are bilateral). 

• Peritoneal carcinomatosis is seen more often with serous than 
mucinous cystadenocarcinomas. 

• Mucinous tumours may be associated with pseudomyxoma 
peritonei. 



Figure 35.30 Mucinous cystadenocarcinoma. Transabdominal 
image of a large complex cystic and solid lesion (arrow). The 
prominent soft tissue elements increase the likelihood of 
malignancy. 


It is most commonly associated with benign, borderline or malig¬ 
nant mucinous tumours of the appendix and ovary. It is now rec¬ 
ognised that in the majority of cases the primary tumour is 
appendiceal with metastases to the ovaries 59 (Fig. 35.31). 

Endometrioid tumours 

Endometrioid tumours represent 10-15% of all ovarian 
carcinomas. 

They are less common than mucinous tumours but are nearly 
always malignant, making them the second most common ovarian 
malignancy. Approximately 25% of endometrioid tumours are 
bilateral. 51 They are associated with endometrial hyperplasia or 
carcinoma in 20-30% of cases but most are thought to represent 
independent primary tumours. 51 Rarely, they are thought to arise 
from endometriosis. 60 Endometrioid tumours have a better progno¬ 
sis than serous or mucinous tumours, which may be partly related 
to diagnosis at an earlier stage. 

Endometrioid tumours have a non-specific ultrasound appear¬ 
ance and are usually part cystic and part solid (Fig. 35.32), although 
they can occasionally present as solid lesions particularly in post¬ 
menopausal patients. Endometrial thickening may be identified 
(Fig. 35.32). 
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Figure 35.32 Endometrioid tumour. Transvaginal image showing 
a cystic and solid endometrioid tumour of the ovary (arrow), with 
associated thickening of the endometrium (arrowhead). 



Figure 35.31 Pseudomyxoma peritonei. Transverse transabdominal ultrasound image (A) and axial contrast-enhanced CT scan 
(B) showing bilateral mucinous ovarian tumours (arrows). Mucinous ascites was present. A low-grade primary mucinous tumour of the 
appendix was identified at surgery and histology. 
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Figure 35.33 Clear cell tumour. Transvaginal image showing a 
cystic lesion with peripheral, solid areas (arrow). These appearances 
are non-specific. 


Clear cell tumours 

Clear cell tumours make up approximately 10% of ovarian 
cancers and are nearly always malignant. They are bilateral in 
approximately 20% of cases and they also may arise in endometrio¬ 
sis. 56 They tend to have a better prognosis than other ovarian 
tumours as the majority of them present as stage 1 disease. 

Sonographically, they appear as non-specific, predominantly 
cystic masses with some solid elements (Fig. 35.33). 

Brenner (transitional cell) tumours 

Brenner tumours, also known as transitional cell tumours because 
of their histological similarity to urothelium, are relatively rare 61 
and are usually benign. They represent approximately 3% of 
ovarian tumours. They are often small and are usually discovered 
incidentally in women between their fifth and seventh decades. 61 
They are usually unilateral. 61 Approximately 20% of Brenner 
tumours are associated with other epithelial tumours. They are 
typically solid homogeneous lesions and although extensive calci¬ 
fication may be seen, cystic areas are unusual except when due to 
coexistent cystic tumours. 

On ultrasound examination, they tend to be small, typically 
1-2 cm, hypoechoic lesions with associated shadowing and may 
contain calcification. 62 Their appearance is similar to other solid 
lesions and the differential diagnosis includes fibromas, fibrotheco- 
mas and pedunculated fibroids. 61 MRI may be helpful in character¬ 
ising these lesions. When associated with other tumours they 
appear similar to complex cystic lesions (Fig. 35.34). 

Germ cell tumours 


Germ cell tumours represent approximately 15-20% of all ovarian 
tumours, with 95% of these being benign, cystic teratomas. Germ 
cell tumours also include immature teratoma, dysgerminoma and 
yolk sac tumours (embryonal carcinoma and choriocarcinoma). 

Mature teratoma (dermoid) 

Mature teratomas are the commonest benign neoplasms. 63 They are 
usually found in young women of reproductive age but can occur 
in all age groups including postmenopausal women. They are bilat¬ 
eral in up to 20% of cases. 

They are composed of mature tissue elements from two or more 
embryonic germ cell layers (ectoderm/mesoderm/endoderm). 
Ectodermal elements predominate and they are alternatively known 
as dermoid cysts. They are almost always benign and usually 
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Figure 35.34 Brenner tumour in association with a mucinous 
cystadenoma. There is a complex cystic lesion with a solid area 
(arrows), which represents the Brenner tumour. These appearances 
are non-specific and the Brenner tumour was only identified 
histologically. 


Figure 35.35 Pelvic radiograph showing teeth (arrow), within a 
dermoid on the right side of the pelvis. 


contain sebaceous material as well as variable amounts of hair, 
teeth, bone and muscle (Fig. 35.35). Pathologically they often have 
a projection into the cyst cavity, the Rokitansky nodule, which 
usually contains hair or teeth. 

Sonographically, mature teratomas have a broad spectrum of 
appearances on account of their variable internal composition. They 
are predominantly cystic but the presence of teeth and hair gives 
them complex features. Although their wide range of appearances 
can cause diagnostic difficulty they often show specific features. 

Characteristic appearances include a cystic lesion with a dense 
echogenic nodule - the dermoid plug, or Rokitansky nodule. This 
plug represents an ingrowth of solid tissue from the tumour wall 
and usually shows shadowing due to the presence of calcification 
or hair within it 64 (Fig. 35.36). Teeth, bone and calcification usually 
produce an intensely echogenic nodule with well-defined shadow¬ 
ing, whereas the shadowing distal to sebum and hair, which occurs 
due to the multiple interfaces, is more ill defined and heterogene¬ 
ous. A characteristic sign of a dermoid is an echogenic mass, con¬ 
taining sebaceous material and hair, with acoustic shadowing 
distally which obscures the posterior border of the lesion, resulting 
in the Tip of the iceberg' sign 65 (Fig. 35.37). Fluid levels are a less 
common 66 but fairly specific finding, representing the interface 
between hair and sebum. Another characteristic appearance is 
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Figure 35.36 Dermoid cyst. Transvaginal image shows a cystic 
lesion containing echoes and a hyperechoic nodule (arrow) - the 
dermoid plug. The nodule shows posterior acoustic shadowing due 
to adipose tissue or calcification within the plug, or to hair arising 
from it. 


Figure 35.37 Dermoid cyst. Transvaginal ultrasound image of a 
dermoid (arrow), which demonstrates the ‘tip of the iceberg sign’. 
Anterior bright echoes cause attenuation that obscures the 
posterior border of the lesion. 




Figure 35.38 Transvaginal images showing examples of ‘dermoid mesh’. A: A dermoid cyst (arrow), with multiple linear 
hyperechogenic interfaces or ‘dermoid mesh’ which is thought to be due to hair fibres. B: A dermoid cyst with echogenic lines and dots 
(‘dermoid mesh’) in association with an echogenic nodule, which shows the ‘tip of the iceberg’ sign. 


multiple linear echogenic interfaces and echogenic dots in a cystic 
lesion, known as 'dermoid mesh', which is thought to be due to hair 
fibres (Fig. 35.38). The presence of multiple floating fat balls in a 
cystic tumour has also been reported as a rare, but possibly pathog¬ 
nomonic, sign for a cystic teratoma. 67 Caspi et al. have devised a 
simple classification system with a high diagnostic accuracy rate for 
the diagnosis of dermoids, based on the main pathognomonic 
patterns. 66 

Some studies have assessed the vascularity of dermoids, with 
most found to be avascular. Where vascularity was demonstrated 
it was shown to be peripheral only. 68,69 

Whilst a lesion may show the typical features of a dermoid, other 
tumours can on occasion show similar features, e.g. an echogenic 
plug, 70 echogenic lines or fluid levels. Patel et al. have reported that 
the positive predictive values for individual sonographic features 
associated with a dermoid are 80% for a shadowing echodensity, 
75% for bright echoes, 50% for hyperechoic lines and dots and 
20% for a fluid level. In their study, 71 while 74% of dermoids dem¬ 
onstrated more than one feature, none of the other masses did, 
giving a positive predictive value for more than one feature of 100% 
(Fig. 35.39). 

In addition, atypical dermoids can occur, which may appear as 
purely cystic or occasionally solid lesions. Because of their echo¬ 
genicity, dermoids can also be difficult to distinguish from bowel 
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Figure 35.39 Dermoid cyst. Transabdominal image showing a 
dermoid cyst with a fluid level, in addition to a dermoid plug and 
‘dermoid mesh’. The presence of multiple characteristic features is 
highly predictive for a dermoid. In dermoid cysts the echogenic 
layer tends to lie superiorly, while in haemorrhagic cysts and 
endometriomas the echogenic blood tends to layer dependently. 
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Figure 35.40 Dermoid cyst. Transvaginal scan (A) shows an echogenic dermoid (arrow) on the left side, which was difficult to distinguish 
from bowel. CT scan (B) in the same patient confirms the presence of a fat containing lesion (arrow), which is diagnostic of a dermoid. 

MRI, which does not involve ionising radiation, is now the most commonly used imaging modality to further evaluate a suspected dermoid. 


Tumour markers 

• CA125 is the most commonly used serum marker for ovarian 
cancer. 

• Germ cell tumours may produce alpha-fetoprotein and hCG. 


(Fig. 35.40) and small, echogenic dermoids may be mistaken for 
haemorrhagic lesions. Finally, a large dermoid may be identified 
but not recognised if some of its borders are obscured, on account 
of the limited field of view afforded by transvaginal sonography. 
This emphasises the importance of including a transabdominal scan 
for pelvic imaging, which is particularly important when a pelvic 
mass can be palpated but not visualised on transvaginal views. 

Further imaging relies on identification of fat, for which MRI is 
now the most widely used imaging modality. Fat appears as high 
signal on T1-weighted MRI sequences and shows suppression on 
fat saturation sequences. This allows distinction from haemorrhage 
and confirmation of the diagnosis of a dermoid (Fig. 35.41). 
Although CT imaging also allows identification of fat (Fig. 35.40), 
it has the disadvantage of using ionising radiation. 

Complications of dermoids include torsion, rupture and rarely 
malignant change. Torsion is the most frequent complication and 
is reportedly more common in pregnancy. Large dermoids are 
usually removed to prevent torsion. Rupture occurs rarely in 
approximately 1%. Malignant change is also rare, occurring in 1-2% 
of cases, with squamous carcinoma being the most common malig¬ 
nancy to develop. 57 Malignant transformation usually occurs in 
older women and may be recognised by the presence of enhancing 
nodules on MRI. 

Immature teratomas 

Immature teratomas represent less than 1% of all teratomas. They 
are rapidly growing malignant tumours, and are most common in 
the first two decades of life. 

They tend to be unilateral and are predominantly solid or 
have prominent solid elements within a cyst at ultrasound 
examination. 54,57 


Ovarian tumours associated with endometrial 
hyperplasia/carcinoma 

• Endometrioid carcinoma 

• Granulosa cell tumours 

• Thecoma/fibrothecoma (occasionally) 


Dysgerminomas 

Dysgerminomas represent 1-2% of ovarian neoplasms. They are 
malignant germ cell tumours, which resemble seminomas and are 
most common under 30 years of age. They are usually solid tumours 
and are predominantly unilateral. 57 They may be associated with 
elevated serum hCG levels. 

Yolk sac tumours (endodermal sinus tumours) 

These are rare malignant tumours, which occur mainly in 
children or young women. At ultrasound they are predominantly 
echogenic, solid masses 57 but can contain cystic and solid 
elements. 56 These tumours are associated with an elevated alpha- 
fetoprotein level. 


Sonographic features of a dermoid cyst (teratoma) 

The sonographic appearance of dermoids is highly variable. Charac¬ 
teristic appearances include: 

• focal or diffuse high-amplitude echoes that attenuate the acoustic 
beam 

• echogenic mural nodule, often with acoustic shadowing 
- dermoid plug 

• ’tip of the iceberg’ sign - acoustic shadowing posterior to an 
echogenic focus that obscures the posterior border of the lesion 

• hyperechoic lines and dots - dermoid mesh 

• fat-fluid levels. 
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Figure 35.41 Dermoid. Sagittal T1-weighted (A) and T2-weighted (B) MR images and axial T1-weighted (C) and fat suppression 
sequences (D). These show a cystic lesion with a fluid level and a central nodule (B, arrowhead). On the sagittal images (A and B) the fat 
is high signal on the T1-weighted image (A, white arrow) and intermediate signal on the T2-weighted image (B, white arrow). The signal 
intensity is equivalent to subcutaneous fat on both sequences. On the axial images (C and D) the high signal intensity fat (C, white arrow) 
on the T1 -weighted images shows fat suppression (D, white arrow), confirming the presence of a dermoid. (Williams P & DeFriend D. 
Techniques in Gynaecological Imaging: Non Ultrasound Techniques. Radiology Integrated Training Initiative 2010: e-learning session 
46_00036. Royal College of Radiologists, London). 


Sex cord stromal tumours 


Sex cord stromal tumours are derived from the sex cords and spe¬ 
cialised stroma of the developing gonad. They represent 5-10% of 
ovarian neoplasms and approximately 2% of malignant ovarian 
neoplasms. They include granulosa cell tumours, fibromas, theco¬ 
mas/fibro thecomas and Sertoli-Leydig cell tumours. 

Granulosa cell tumours 

Granulosa cell tumours are rare, accounting for 3% of all ovarian 
malignancies, but are the most common malignant sex cord stromal 
tumour. They include adult granulosa cell and juvenile granulosa 
cell tumours, with only the former discussed here. Adult granulosa 
cell tumours occur predominantly in perimenopausal or postmeno¬ 
pausal women, are unilateral in 95% cases and are generally of 
low-grade malignancy. They are the most common oestrogen- 
producing tumour, and manifest clinically as irregular bleeding in 
premenopausal women or as postmenopausal bleeding. 72 Approxi¬ 
mately one-third of women with granulosa cell tumours will have 


endometrial hyperplasia 73 and up to 25% of patients will have 
endometrial carcinoma. 72 Granulosa cell tumours can occasionally 
be androgenic and present with virilisation. 54 They vary in size at 
presentation, with hormonally active tumours tending to present 
with a smaller size. 72 In contrast to epithelial tumours, more than 
90% of granulosa cell tumours are confined to the ovary at presenta¬ 
tion and hence have a better prognosis. 72 

Ultrasonically the appearances are non-specific and granulosa 
cell tumours may present as large multilocular cystic masses with 
solid components or as solid tumours 72,73 (Fig. 35.42). A more recent 
study suggests two typical patterns: (i) a solid mass with heteroge¬ 
neous echogenicity of the solid tissue or (ii) a multilocular-solid 
mass with large solid areas but only rarely papillary projections. 74 
It is reported that the virilising type are more commonly cystic. 72 
Granulosa cell tumours have a propensity to rupture and up to 15% 
may present with haemoperitoneum. 54 

MRI may show more specific features, with high signal on 
Tl-weighted imaging reflecting their propensity for haemorrhage 
and T2-weighted imaging showing a characteristic sponge-like 
appearance. 54,72 
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Figure 35.42 Granulosa cell tumour. Transvaginal scan of the left adnexa (A) and uterus (B) in a 62-year-old woman with 
postmenopausal bleeding. A: The left ovary (arrow) was enlarged as compared to the right and appeared to contain a solid mass. 

B: There is marked endometrial thickening (between callipers). Histology showed a granulosa cell tumour of the ovary and the endometrial 
thickening was shown to be endometrial hyperplasia. Granulosa cell tumours vary in size at presentation, with hormonally active tumours 
tending to present with a smaller size. 


Fibromas/thecomas 

Fibromas and thecomas represent a spectrum of benign tumours 
with predominantly oestrogen secreting thecal cells at one end and 
mainly non-hormone-secreting fibroblasts at the other. Many contain 
both theca cells and fibroblasts and are known as fibrothecomas. 

Fibromas 

Fibromas are the most common sex cord stromal tumour and 
constitute 3-4% of ovarian neoplasms. They are unilateral in 
90% of cases. They are most common in perimenopausal or post¬ 
menopausal women. 75 Pure fibromas do not demonstrate signifi¬ 
cant hormonal effects, are often discovered incidentally and may 
reach relatively large sizes, 5-10 cm being the average diameter. 75 

Meigs' syndrome, the association of a benign ovarian tumour, 
usually a fibroma, with pleural effusions and ascites, occurs in 1-3% 
of patients with a fibroma. The ascites and pleural fluid resolve after 
removal of the tumour. 75 Ascites alone occurs in 10-15% of patients 
with a fibroma greater than 10 cm. Fibromas also occur in some 
patients with the basal cell naevus (Gorlin) syndrome, when they 
occur at a younger age, and are often bilateral and calcified. 72 

At ultrasound examination fibromas usually appear as homoge¬ 
neous, hypoechoic masses, often with marked attenuation of sound 
(acoustic shadowing). These tumours have a similar composition to 
leiomyomas and, because sound transmission is poor through 
fibrous tissue, the sonographic beam is strongly attenuated (Fig. 
35.43). They can, however, have a variable appearance and hyper- 
echoic masses, acoustic enhancement 75,76 and calcification have been 
reported. 77 This variation in appearance may be related to a ten¬ 
dency for oedema and cystic degeneration in these tumours. 1 
Although in most cases their appearance is non-specific, the pattern 
of a hypoechoic mass with acoustic shadowing should raise the 
possibility of a fibroma/thecoma. 76 

Fibromas have a relatively diagnostic appearance at MRI exami¬ 
nation, where they appear as low signal lesions on both T1-weighted 
and T2-weighted sequences (Fig. 35.43). 

The differential for fibromas includes pedunculated or parasitic 
leiomyomas and Brenner tumours, which although classified histo¬ 
logically as epithelial lesions, have an ultrasonic appearance similar 
to fibromas. 

Thecomas 

Thecomas are benign, solid, oestrogen-producing tumours, which 
like fibromas occur in perimenopausal and postmenopausal 
women. Like granulosa cell tumours they may present with 


menorrhagia or postmenopausal bleeding and are associated with 
endometrial carcinoma. 

Thecomas appear similar to other solid tumours of the ovary with 
non-specific features at ultrasound 72 (Fig. 35.44). 

Sertoli-Leydig cell tumours (androblastoma) 

These tumours produce androgens and oestrogens and are the most 
common virilising tumours. They tend to occur in young women, 
less than 30 years, and are almost all unilateral. Whilst they are rare 
tumours (<0.5% of ovarian tumours), virilisation syndromes such 
as hirsutism and oligomenorrhoea are common clinical problems 
and these tumours may be discovered during a search for poly¬ 
cystic ovaries. They are considered low-grade malignancies. 

Sertoli-Leydig cell tumours may go undetected at imaging 
because of their small size or there may be non-specific ovarian 
enlargement. 77 When they are identified at ultrasound they are 
usually isoechoic or hypoechoic solid masses, 72 although they may 
appear indistinguishable from granulosa cell tumours. 72,74 Calcifica¬ 
tion is unusual. 72 

Metastatic tumours 


These account for 5-15% of malignant ovarian tumours. 78,79 Tumours 
that metastasise to the ovary include colon, breast, stomach, 
pancreas, melanoma and carcinoid. 54,80 The majority are from the 
gastrointestinal tract. The so-called Krukenberg tumour, strictly 
speaking, describes a secondary tumour from a gastrointestinal 
primary with signet-ring cells due to intracellular mucin secretion 
(Fig. 35.45). 

Distinguishing between a primary ovarian and a metastatic 
tumour is important in terms of treatment options. Ovarian metas- 
tases may be solid or complex cystic masses of various sizes, but 
have been described as typically bilateral and predominantly 
solid, both at pathology and on imaging studies. 81-83 Shimizu et al. 
describe metastases as having clear tumour margins, an irregular 
hyperechoic solid pattern and moth-eaten cyst formation in contrast 
to primary ovarian cancers, which had unclear margins, an irregu¬ 
lar hypoechoic solid pattern and papillary projections. They suggest 
that this distinction may be more obvious earlier in the develop¬ 
ment of metastases when they are predominantly solid, but becomes 
more difficult later as metastases become increasingly cystic and 
necrotic, resembling primary ovarian tumours. 84 Two more recent 
studies have looked particularly at imaging features of primary and 
secondary ovarian neoplasms to determine if there is a significant 
difference in their appearance. Brown et al. found no difference 
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Figure 35.43 Fibroma. Transvaginal ultrasound (A) and T1- and 
T2-weighted axial MR images (B, C). The ultrasound (A) shows an 
echo-poor lesion (arrow) with dense acoustic shadowing consistent 
with a fibroma. Axial T1-weighted (B) and T2-weighted (C) MR 
images show a right-sided lesion (short arrow) which is separate 
from the uterus (long arrow) and is of low signal on both sequences 
consistent with a fibroma. 




Figure 35.44 Fibrothecoma. Transvaginal ultrasound images (A, B) show an 8 cm solid lesion in a postmenopausal woman (A). This 
was proven to be a fibrothecoma at histology. There was associated endometrial thickening (B, between callipers). 


between them in terms of solidity, and although secondary neo¬ 
plasms were more often bilateral than primary neoplasms, this was 
not a significant finding. The only statistically significant feature on 
ultrasound was multilocularity, which was more common in 
primary malignancy. 78 Alcazar also found no difference in terms of 
bilaterality, but metastatic tumours were significantly more often, 
purely or predominantly solid. 79 Overall they conclude that no 
imaging feature is highly accurate in distinguishing primary from 
secondary tumours. 

These conflicting results may be partly explained by the different 
primary tumours studied. Pathological studies have shown that 
gastric, breast, lymphoma and carcinoid tumours often produce 
solid metastases in the ovaries. Colonic tumours, which are the 


most common primary site, may also produce solid tumours, but 
often produce cystic metastases similar to primary ovarian tumours. 
In support of this concept, Testa et al. have recently shown that 
ultrasound features of metastases differ depending on the origin of 
the primary. They found that metastases from stomach, breast, 
lymphoma or uterus were mostly solid while those from the colon, 
rectum, appendix or biliary tract were more heterogeneous with a 
multilocular appearance, with or without solid elements 85 (Fig. 
35.46). A number of authors have acknowledged the difficulties in 
distinguishing between primary and secondary tumours. In prac¬ 
tice the presence of bilateral or solid tumours may raise the possibil¬ 
ity of a metastatic tumour and further imaging with CT and biopsy 
may be helpful. 
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Figure 35.45 Krukenberg tumour. Transabdominal ultrasound 
scan, showing bilateral, largely solid, Krukenberg tumours with 
ascites. 



Figure 35.46 Transabdominal image, showing metastatic 
involvement of an ovary, secondary to a primary colonic 
carcinoma. The lesion is largely cystic with septa and solid 
elements. Flow was demonstrated within the septa on colour 
Doppler. 


Lymphoma 


Lymphoma of the ovary in the absence of lymph node or bone 
marrow involvement is rare. It is often bilateral and usually appears 
as a solid mass at ultrasound. 

Screening 


The poor outcome of ovarian cancer is largely related to late pres¬ 
entation and screening has been seen as a means to improve prog¬ 
nosis. Currently screening is not practical due to the relatively low 
prevalence of the disease and the limited specificity of the available 
techniques. 

Measurement of CA125 and transvaginal ultrasound are the main 
techniques that have been evaluated for use in screening. 

Serum CA125 is the most commonly used tumour marker for 
ovarian cancer. It is raised in 85% women with epithelial ovarian 
cancer as opposed to 1% of normal individuals, but its sensitivity 
is limited in early stage disease, and it detects less than 50% of 
stage I tumours. It is insensitive for mucinous and germ cell 
tumours. It also lacks specificity and can be raised in other 


gynaecological diseases such as benign tumours and endometriosis. 
CA125 therefore lacks both the sensitivity and specificity to be used 
alone as a screening technique. 

Transvaginal ultrasound also lacks specificity, with too many 
unnecessary operations performed for each cancer detected. A com¬ 
bination of these techniques improves specificity. 

Improved survival has been reported in some single arm and 
randomised control trials, but the impact on mortality and cost- 
benefits remain to be proven. 

There are two main trials involving the general population cur¬ 
rently underway. The first is the UK Collaborative Trial of Ovarian 
Cancer Screening (UKCTOCS) in England, Wales and Northern 
Ireland. This involves approximately 200 000 women aged 50-74 
randomised to screening with transvaginal ultrasonography (TVS), 
or with CA125 which, if elevated, is followed by TVS, or to a control 
group. Screening is for 6 years and initial results will be available 
in 2012-2014. 

The second trial is the ovarian arm of the Prostate, Colorectal, 
Lung and Ovarian Cancer screening trial, based in the USA, involv¬ 
ing nearly 80 000 women aged 55-74 and using combined CA125 
and TVS techniques and CA125 alone. 

Other studies are looking at the value of screening in high-risk 
populations. The benefits of screening in this group are not proven 
and there is concern that screening may not be effective. There 
is one main UK trial, the UK Familial Ovarian Cancer Screening 
Study (UK FOCSS), which aims to include 5000 women and will 
report in 2011. 


ENDOMETRIOSIS 


Endometriosis is defined as the presence of functional endometrial 
glands and stroma outside of the uterus. The pathogenesis is 
unknown, with theories regarding its aetiology including implanta¬ 
tion from retrograde menstruation and metaplastic differentiation 
of serosal surfaces. Endometriosis most commonly affects the 
ovaries. Other sites of involvement include the uterine ligaments, 
pouch of Douglas, fallopian tubes, rectosigmoid and bladder, in 
decreasing order of frequency. 86 Endometriosis may be present as 
peritoneal implants, adhesions and ovarian lesions with symptoms 
occurring due to cyclical bleeding into the implants. Repeated 
haemorrhage into ovarian implants results in blood-filled ovarian 
cysts known as endometriomas, or 'chocolate cysts'. 

Endometriosis is a common condition, which is thought to affect 
5-10% of all women. It is found predominantly in women of repro¬ 
ductive age and approximately 20% of women presenting with 
infertility are thought to have endometriosis. 87 

Patients usually present with infertility or chronic pelvic pain, 
typically dysmenorrhoea or dyspareunia. Some women are asymp¬ 
tomatic and the extent of the disease does not necessarily correlate 
with the severity of symptoms. 

Small peritoneal implants are difficult to diagnose radiologically 
and ultrasound is of particular use for the identification of endome- 
triotic ovarian cysts. Transrectal ultrasound has been used to assess 
endometriotic involvement of the rectovaginal septum and utero- 
sacral ligaments 88 and other imaging modalities such as MRI have 
more recently been evaluated for detection of peritoneal implants. 86 
Laparoscopy remains the gold standard for detection of disease. 

Endometriomas have a variety of appearances at ultrasound, 
ranging from anechoic to echogenic cysts. 87 Septa and solid areas 
may be present. 89 They are often multiple and are bilateral in up to 
half of cases. 86 They are of variable size 87,90 and are often thick 
walled, although this is not a distinguishing feature. 89 

The classic description is a cystic lesion with homogeneous low- 
level echoes, which are more likely to be detected with transvaginal 
than transabdominal scanning 91,92 (Fig. 35.47). This characteristic 
appearance was found to occur in 95% of cases in a retrospective 
review. 89 This review also tried to establish which criteria are most 
important in distinguishing endometriomas from other adnexal 
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Figure 35.47 Transvaginal images showing typical appearances of an endometrioma. A: Unilocular cystic lesion with 
homogeneous low-level echoes (white arrow). B: There is the typical echo pattern with some echogenic layering (black arrow). 



Figure 35.49 Transvaginal image showing a multiloculated 
Figure 35.48 Transvaginal image of a typical endometrioma, endometrioma (arrow) with varying echo levels in the different 
with low-level echoes. Hyperechoic foci are demonstrated within the locules. 
wall (arrowhead). 



lesions. They identified hyperechoic wall foci in 35% of endometrio- 
mas compared with only 6% of other lesions (Fig. 35.48). They 
suggest that the presence of hyperechoic wall foci in addition to the 
typical echo pattern, provided there are no neoplastic features, is 
highly predictive of an endometrioma. Endometriomas have clas¬ 
sically been described as unilocular but they may be multilocular 
with varying echogenicity in the different locules. The presence of 
multilocularity, together with low-level echoes, in the absence of 
neoplastic features, increases the likelihood that a lesion is an 
endometrioma 89 (Fig. 35.49). 

Endometriomas may mimic other adnexal lesions. They may 
have a similar appearance to haemorrhagic cysts, and clinical fea¬ 
tures such as an acute onset in the latter may be helpful in distin¬ 
guishing them. Follow-up of lesions is a useful strategy, since 
haemorrhagic cysts will usually resolve whereas endometriomas 
will not. Atypical endometriomas may contain central calcification, 
which can make them difficult to distinguish from dermoid cysts. 93 
They may also show clot retraction or wall nodularity, making 
distinction from neoplastic lesions difficult. This subgroup may 
benefit from further investigation with Doppler or MRI to assess 
vascularity of nodules. However, the routine use of colour Doppler 
does not appear to improve the diagnostic accuracy of transvaginal 
ultrasound alone in the diagnosis of endometriomas. 94 

MRI is more specific than ultrasound for the diagnosis of endome¬ 
triomas, with lesions usually showing high signal on Tl-weighted 


Endometriosis 

Occurs predominantly in women of reproductive age. 

Most commonly affects the ovaries resulting in endometriomas or 
‘chocolate cysts’. 

Endometriomas: 

• Appearances at ultrasound may be diverse. 

• Characteristic appearance is a cystic lesion with low-level echoes. 

• Are often multiple and bilateral. 

• May be multiloculated. 

• May contain hyperechoic wall foci. 


imaging and low signal or 'shading' on T2-weighted sequences. 
They do not show fat suppression and become more conspicuous 
on fat saturation sequences. 

Complications of endometriosis include adhesions and some 
authors have emphasised the role of a bimanual ultrasound exami¬ 
nation or use of gentle pressure with the transvaginal probe to 
demonstrate mobility or fixity of pelvic organs. 90,95 Malignant 
change is a rare (<1%) complication, with endometrioid tumours 
followed by clear cell tumours being the most common 
malignancies. 90 








CHAPTER 35 • Ovaries 



Figure 35.50 Pelvic inflammatory disease. Transvaginal images in a 38-year-old woman with clinical signs of PID. A: There is fluid 
within the endometrial canal (between callipers) consistent with endometritis. B: The fallopian tube is dilated and contains echoes (arrow), 
with no flow seen on colour Doppler, consistent with a pyosalpinx. 


PELVIC INFLAMMATORY DISEASE 

Pelvic inflammatory disease (PID) is a common condition, affecting 
predominantly women of reproductive age, which may present as 
acute or chronic pain. Complications include infertility and ectopic 
pregnancy. It is most often due to ascending genital tract infection, 
usually due to Chlamydia trachomatis or Neisseria gonorrhoeae. Rarer 
causes include actinomycosis and tuberculosis. It may be associated 
with the use of an intrauterine contraceptive device or instrumenta¬ 
tion. Rarely, spread from adjacent pelvic infections such as appen¬ 
dicitis or diverticulitis may occur. While PID is usually bilateral, it 
may be unilateral in cases of direct spread. It may result in 
endometritis, pyosalpinx, tubo-ovarian complex or abscess or peri¬ 
tonitis. Peritonitis may involve the bowel serosa and can cause 
adhesions, small bowel obstruction or perihepatitis (Fitz-Hugh- 
Curtis syndrome). 

Acute PID may present with pelvic pain, fever and vaginal dis¬ 
charge, and inflammatory markers are often raised. 

PID may present a range of appearances at ultrasound depending 
on the spread and extent of the infection. In early or uncomplicated 
cases imaging may be unremarkable and the presence of a normal 
ultrasound scan does not exclude PID. Endometritis is essentially a 
clinical diagnosis and although ultrasound may show thickening of 
the endometrium and fluid within the endometrial cavity, these 
appearances are non-specific and may occur as a normal finding in 
the second half of the menstrual cycle (Fig. 35.50A). There may be 
free fluid within the pelvis, which can also be a normal finding, 
although excessive fluid or fluid-containing echoes is more sugges¬ 
tive of PID. 

Involvement of the fallopian tube may present as a pyosalpinx, 
with a dilated, thick-walled, retort-shaped tube, which contains 
fluid, sometimes with low-level echoes (Fig. 35.50B). Features 
thought to assist in identification of dilated tubes at ultrasound 
include incomplete septa 96 and the 'waist sign', which refers to dia¬ 
metrically opposed indentations within the wall of a cystic, tubular, 
collection 97 (Fig. 35.51). The 'cogwheel sign' has been used to 
describe the cross-sectional appearance of a tube with thickened 
endosalpingeal walls, thought to be most typical of acute disease. 96 
A dilated, thin-walled, fluid-filled structure with hyperechoic 
mural nodules, known as the 'string of beads sign', is believed 
to be more characteristic of a chronic hydrosalpinx 96 with the 
hyperechoic nodules thought to represent remnants of the 
salpingeal folds. 

Involvement of the ovary results in a tubo-ovarian complex or 
tubo-ovarian abscess. Where there is inflammation of the tube and 
ovary but the anatomy of the structures is preserved, this is 
described as a tubo-ovarian complex (Fig. 35.52). In the more 
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Figure 35.51 Transvaginal image of a hydrosalpinx, which 
demonstrates the waist sign (arrowheads). 


advanced stage of tubo-ovarian abscess there is complete break¬ 
down of the normal architecture so that separate structures are no 
longer identified. 96 The typical appearance is of a complex, often 
multiloculated mass with variable septations and internal echo¬ 
genicity (Fig. 35.53). It maybe difficult to distinguish a tubo-ovarian 
abscess from a tumour or endometrioma, but with an abscess the 
patient is usually acutely ill with marked tenderness on examina¬ 
tion with the transvaginal probe. Involvement of the ovary alone is 
rare but can occur with spread of infection from adjacent organs 
(Fig. 35.54). 


Pelvic inflammatory disease 

Affects mainly women of reproductive age. 

Is usually due to an ascending infection. 

May present as endometritis, hydro or pyosalpinx, tubo-ovarian 
complex or tubo-ovarian abscess. 

Ovarian involvement: 

• Tubo-ovarian complex - inflammation involves the tubes and 
ovaries but the anatomy is preserved. 

• Tubo-ovarian abscess - there is a complete breakdown of the 
normal architecture so that separate structures are not identified. 









Pelvic inflammatory disease 



Figure 35.52 Transvaginal image which shows a tubo-ovarian 
complex. The ovary (between callipers) remains recognisable. 




Figure 35.53 Tubo-ovarian abscess. Transabdominal ultrasound image (A) and axial contrast-enhanced CT scan (B) in a patient with 
clinical signs of infection. Ultrasound (A) shows a tubo-ovarian abscess, containing linear echoes (arrowhead) typical of gas. The tube and 
ovary could not be identified separately. CT scan (B) confirms the presence of an abscess with a locule of gas identified (arrowhead). Note 
the intrauterine contraceptive device (arrow), which increases the risk of PID. 



Figure 35.54 Ovarian abscess. Transvaginal ultrasound and axial CT scan in a patient with signs of infection. The patient had undergone 
a hysterectomy several years previously. A: Transvaginal ultrasound image showing a right ovarian lesion with multiple echoes within it. 

B: CT scan confirmed the presence of gas. The previous hysterectomy made an ascending infection an unlikely diagnosis. Surgery 
showed an ovarian abscess secondary to an inflamed appendix. 
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INTRODUCTION 


Ultrasound is well established as the initial imaging investigation 
of choice for the majority of pelvic symptoms in women. Professor 
Ian Donald first described its use in obstetrics and gynaecology in 
the 1960s 1 and Kratochwil first described transvaginal sonography 
in 1969. 2 Nowadays, although ultrasound should be used to build 
up the clinical picture in combination with history, examination and 
laboratory tests, it forms an indispensable part of patient evalua¬ 
tion, often more so in those whose condition precludes effective 
bimanual examination, such as the obese, those who are virgo 
intacta or those with postmenopausal atrophy Ultrasound can also 
help to reduce the number of women who have to undergo invasive 
procedures like hysteroscopy. 

Transabdominal and transvaginal scans are both required in 
order to fully assess the uterus. Transvaginal scan, done with an 
empty bladder, enables a high-frequency probe to be placed next 
to the uterus and good resolution images obtained of the uterine 
contents. This can be achieved whether the uterus lies in an 


anteverted or retroverted position. The head of the probe is able to 
be positioned against the side of the uterus so that the endometrial 
cavity lies perpendicular to the ultrasound beam (Fig. 36.1). The 
uterus does not always lie favourably for transvaginal examination. 
On occasion, more often so in the obese, the uterus will remain in 
an axial orientation so that the endometrial cavity runs directly 
away from the probe and parallel to the ultrasound beam. This 
produces relatively poor quality images. Sometimes bimanual 
manipulation using the free hand on the abdomen will allow the 
uterus to be moved to a more favourable position for imaging. 
Continuing to image whilst withdrawing the transvaginal probe 
will allow the vaginal walls to be seen as well as adjacent structures, 
like the urethra. Women who are unsuitable for transvaginal scan 
either due to age, preference or disability may tolerate a transperi- 
neal or translabial scan instead. 

The transabdominal scan is usually performed with a full bladder 
(Fig. 36.2). The bladder displaces gas-filled bowel out of the pelvis 
and allows the gynaecological organs to be seen. It facilitates visu¬ 
alisation of large pelvic masses that otherwise would not be acces¬ 
sible to the transvaginal scan and also helps to provide an overview 
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Figure 36.1 Uterus. A: Normal transvaginal longitudinal image of the uterus. Note the defined thin endometrial echo (arrow) and its dark 
myometrial halo (double-headed arrows). The halo should not be confused as being part of a trilaminar proliferative endometrium. Also 
note the prominent subserosal myometrial vessels (curved arrows). B: Normal transvaginal longitudinal image of the uterus. The 
endometrium is in the proliferative phase and shows a typical trilaminar pattern, between the callipers. The dark myometrial halo is present 
around the endometrium. Compare this to A where the endometrium is atrophic. 



Figure 36.2 Normal transabdominal longitudinal image of the 
uterus, using the full bladder technique. The uterus is further away 
from the probe than in the transvaginal images but detail of the 
endometrium and myometrial halo is still visible. 


of the pelvic relations. In slim women, it may not be necessary to 
have a full bladder in order to obtain good views of the uterus. 
Gentle pressure with the probe on the abdominal wall will bring 
the uterus into view within the near field of the probe and allow 
good resolution imaging. This can be especially useful in early 
pregnancy scans. The transabdominal approach also allows the 
kidneys to be checked for hydronephrosis, which might be second¬ 
ary to gynaecological pathology. 

Some authors advocate using just transvaginal ultrasound for 
dedicated clinics. An example might be a postmenopausal bleeding 


clinic where the evaluation of the endometrium is paramount. It is 
argued that it is more comfortable for the women to attend with an 
empty bladder than to struggle to fill their bladder. A transvaginal 
scan answers all the necessary questions and allows a decision to 
be made on the need for hysteroscopy. Opponents argue that, for 
a small expense of time, denying a transabdominal scan loses the 
opportunity to examine other pelvic organs and the kidneys. 
Women in the postmenopausal age group are likely to have other 
pathologies that might be missed without a transabdominal scan. 

The ultrasound examination can be extended to include Doppler 
studies, contrast enhancement or the use of saline infusion to show 
the endometrial cavity. If large pelvic masses or malignancy are 
found then the examination should be extended to assess the upper 
abdomen for ascites, omental cake, lymphadenopathy and liver 
lesions. Ultrasound is not as sensitive as computed tomography for 
these findings, but it is specific. If disease spread is found on the 
initial ultrasound, it enables management to be appropriately 
focussed. 

Other tests 


Computed tomography (CT) offers very little in the evaluation of 
the uterus. It may coincidentally show a distended uterine cavity 
in scans performed for other reasons, but other tests will be required 
to determine if there is pathology present. Some authors believe 
that modern multidetector CT scanners with their ability to produce 
isometric voxels in multiplanar reconstructions may rival MR scans 
in their staging of the cervix but this is yet to be reliably proven. 
CT does provide useful assessment of lymphadenopathy and 
distant metastases in women with uterine or cervical cancers and 
it can show complications of treatment such as colo-vaginal fistulae 
or abscesses. 

Magnetic resonance (MR) provides exquisite images of the 
uterus and cervix, demonstrating zonal anatomy on T2-weighted 
images (Fig. 36.3). It has a strong role in the local staging of endome¬ 
trial and cervical cancers. Its use is best reserved for imaging once 
the diagnosis of cancer has already been made. Like ultrasound, 
MR cannot distinguish benign endometrial hyperplasia from cancer 
even with diffusion-weighted imaging, so biopsy remains neces¬ 
sary. Ultrasound is a cheaper and more readily available test to 
assess the endometrium prior to biopsy. MR has a role in the follow¬ 
up of cancers treated with chemo/radiotherapy and is also the best 
objective test to assess fibroids before and after uterine artery 
embolisation. 
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Figure 36.3 T2-weighted MR scan of a retroverted uterus. 

The zonal anatomy of the uterus is well shown, with a white 
endometrium, a dark junctional zone and a grey outer myometrium 


Positron emission tomography (PET) has a role in looking for 
distant metastases when pelvic exenteration is being considered. 
PET looks for metabolically active tumour and can direct attention 
to nodes or nodules that might otherwise have been overlooked on 
other imaging. The combination of the PET image overlaid on a 
low-dose CT scan done at the same examination allows the site of 
activity to be localised. 

Hysterosalpingogram (HSG) allows the uterine cavity and the 
patency of the fallopian tubes to be assessed (Fig. 36.4). It is most 
used in assisted conception units. The ultrasound equivalent hys- 
tero-contrast-sonography (HyCoSy) can be used in order to avoid 
radiation (Fig. 36.5). HyCoSy has a high degree of accuracy (over 
90%) when demonstrating the fallopian tubes to be patent but 
suffers with a low accuracy of 50% when diagnosing tubal occlu¬ 
sion. HSG or laparoscopy and dye tests are required to confirm 
occlusion. 

Hysteroscopy is the gynaecologists' main tool when assessing the 
endometrium. It can be done as an outpatient procedure with a 
small flexible scope or as a day-case procedure under anaesthesia 
with a rigid larger-calibre scope. The rigid scope allows directed 
biopsy or resection to be done. Otherwise, the flexible scope, out¬ 
patient procedure uses a pipelle biopsy catheter to obtain non- 
directed sampling of the endometrium. Saline infusion hysterogr aphy 
(SIH) is an ultrasound technique that may be used as an alternative 
to flexible hysteroscopy in the diagnosis of focal endometrial abnor¬ 
malities. Patients report much lower pain scores with SIH. 


SYMPTOMS 


Symptoms arising from the uterus, cervix and vagina are mostly 
related to abnormal bleeding and this is the commonest presenting 
feature. Painful periods (dysmenorrhoea) or pain during sexual 
intercourse (dyspareunia) may occur. Some masses will cause local 
pressure symptoms and may result in urinary retention or hydrone¬ 
phrosis. Fever and discharge may point the way to pelvic inflam¬ 
matory disease with uterine lesions varying from endometritis to a 
pyometrium. Loss of the threads from an intrauterine device will 
necessitate a scan to determine if the device is still present. Infertil¬ 
ity is covered in Chapter 38. 

Menorrhagia is defined as a measured menstrual loss of more 
than 80 mL per cycle. Other commonly used terms that might be 
seen on scan request cards are: 



Figure 36.4 Hysterosalpingogram. Contrast medium outlines the 
endometrial cavity and traces out the fallopian tubes. Free spill is 
shown from the tube on the left. 



Figure 36.5 HyCoSy. Transvaginal image showing echogenic 
contrast agent filling the endometrial cavity and outlining the left 
fallopian tube (arrows). 


■ Dysfunctional uterine bleeding (DUB): irregular or non-cyclical 
bleeding that results from endogenous or exogenous 
hormonal fluctuations, such as anovulation or hormone 
replacement therapy. 

■ Intermenstrual bleeding (IMB): bleeding between periods. This 
is often caused by uterine pathology such as an endometrial 
poiyp. 

■ Postcoital bleeding (PCB): bleeding after sexual intercourse, 
usually as a result of cervicitis or vaginal wall pathology. 

■ Postmenopausal bleeding (PMB): bleeding that recommences 
more than a year after the last period. About 10-12% of cases 
will be due to a malignant cause. 

Management of abnormal uterine bleeding 


There are many causes of abnormal uterine bleeding as listed in 
Table 36.1. The uterus needs to be investigated in premenopausal 
women because of the probability of finding structural causes of 
the bleeding such as fibroids and polyps. Treating these causes will 
hopefully resolve the symptoms. Those women who do not have a 
structural cause for their bleeding are classified as having dysfunc¬ 
tional uterine bleeding (DUB). Approximately 55% of women 
investigated by hysteroscopy will have an apparently normal 
uterus and fall into this category of DUB. Ultrasound can be used 
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Table 36.1 Causes of abnormal vaginal bleeding 
Uterus 


Fibroids 

Adenomyosis 

Endometrial pathology 

Hyperplasia 

Polyp 

Carcinoma 

Pelvic inflammatory disease 

Endometritis 

Chronic 

Postmenopausal atrophic 

Coagulopathies 

Congenital deficiencies 

Thrombocytopenia 

Leukaemia 

Systemic disorders 

Hypothyroidism 
Systemic lupus erythematosus 
Chronic liver failure 
Obesity 

Iatrogenic 

Intrauterine devices 

Anticoagulants 

Progesterones 

Cervix 


Chronic cervicitis 
Polyp 

Carcinoma 

Vagina 

Atrophic vaginitis 
Infection 
Foreign body 
Trauma 
Carcinoma 

Vulva 


Squamous carcinoma 
Melanoma 

Non-gynaecological sources mistaken for vaginal bleeding 

Haematuria 
Rectal bleeding 


to identify those women who do not need hysteroscopy by defining 
normality. It is less useful as a positive predictor as hysteroscopy 
will still be needed. 

Medical treatment can be hormonal or non-hormonal. Progester¬ 
one is often used to stabilise menstrual loss. The oral contraceptive 
pill can also be used in those without contraindications and is par¬ 
ticularly useful in younger women who also require contraception. 
Non-hormonal treatments such as tranexamic acid (improved hae¬ 
mostasis) or mefenamic acid (control of prostaglandin production 
in the uterus) can be tried. 

The Mirena intrauterine system, although initially marketed as a 
contraceptive device, has become used for much wider indications 
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Figure 36.6 Transverse transvaginal view of the uterus 

showing two intramural fibroids (marked by callipers). 


including control of heavy bleeding. It comprises a slow-release 
cylinder of levonorgestrel around a conventional T-shaped frame. 
Levonorgestrel is a progesterone that has local effects on the 
endometrium and prevents proliferation. The system can be left in 
place for 5 years. 

Surgical management varies from hysterectomy, through submu¬ 
cous fibroid resection and endometrial resection, to newer tech¬ 
niques of endometrial ablation and radiological techniques of 
uterine artery embolisation (UAE), transvaginal radio-frequency 
ablation (RFA) and high-intensity focused ultrasound (HIFU). 


MYOMETRIUM 


Uterine fibroids 


Fibroids (also known as myomas, leiomyomas or fibroleiomyomas) 
are a benign uterine smooth muscle proliferation. The smooth 
muscle fibres are disposed in smooth concentric rings with a vari¬ 
able amount of fibrous tissue forming whorls of tissue. They are 
usually clearly demarcated and most commonly found in the body 
of the uterus (Fig. 36.6) though they may arise in the cervix or broad 
ligament and very rarely in the vagina. 3 

Fibroids are common, being present in more than 30% of women 
aged 40-60 years of age. 4 Risk factors for fibroids include nullipar¬ 
ity, obesity, family history, black race and hypertension. Interest¬ 
ingly, physical activity is thought to be protective against the 
development of fibroids, and not just because women with fibroids 
avoid exercise. 5 There is an association of polycystic ovary syn¬ 
drome and the development of fibroids in African-American 
women. 6 There is clearly a relationship with oestrogen stimulation: 
nulliparity indicates continuous oestrogen stimulation without the 
interruption of pregnancy or lactation; obesity is associated with 
increased amounts of endogenous oestrogen being stored in body 
fat; tamoxifen and hormone replacement therapy treatment may 
result in enlargement of fibroids. Many medical treatments of 
fibroids are aimed at interrupting this oestrogen stimulation. Depo- 
Provera (medroxyprogesterone acetate), 7 mifepristone, 8 and gona¬ 
dotrophin-releasing hormone 9 have all been shown to decrease 
fibroid size and improve quality of life. Likewise, the use of a 
Mirena intrauterine system in women with fibroids and menor¬ 
rhagia has been shown to reduce menstrual blood loss and pain, 10 
though the rate of expulsion of the device is higher in women with 
fibroids than in those without. 
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Fibroids change in size with age. They are unknown prior to 
puberty, they enlarge with time during the reproductive years and 
they reduce in size after the menopause. 11 Their size can vary from 
the imperceptible on ultrasound to lesions that fill the abdominal 
cavity. Size does not necessarily correlate with symptoms, the 
largest often being silent. Small fibroids affecting the endometrium 
can produce disproportionately severe symptoms, possibly by 
increasing the surface area of the endometrial cavity. 

Pregnancy and fibroids 

Pregnancy is often quoted as a cause of fibroid enlargement: whilst 
it is true that enlargement and central degeneration of fibroids may 
occur, this phenomenon is actually quite rare, 12 with the great 
majority of pregnant women showing no change in size of their 
fibroids (Fig. 36.7). Those that do change in size most commonly do 
so in the first trimester. Fibroids do impact on the management of 
some pregnancies 13 though most pregnancies are unaffected. Large 
(greater than 5 cm) submucosal and retroplacental fibroids seem to 
impart a greater risk for pain, vaginal bleeding, placental abruption. 


abnormally adherent placenta (accreta), growth restriction and 
preterm delivery. Very rarely fibroids in the lower segment or 
cervix may prevent a normal vaginal delivery. Uterine fibroids of 
5 cm in size or larger are independently associated with caesarean 
section performed prior to the onset of labour and the risk increases 
with the size of the fibroid. 14 Myomectomy at the time of caesarean 
delivery carries a high risk of significant haemorrhage and is best 
avoided. Pyomyoma is the rare development of an infected fibroid 
in the postpartum period. It is uncommon since the advent of anti¬ 
biotics but is potentially lethal. The formation of gas in the fibroid 
gives a distinctive pattern of increased echogenicity. 15 

Uterine contractions in pregnancy (Braxton Hicks) may mimic 
the presence of a fibroid by distorting the uterine contour, usually 
the inner contour rather than the outer. They can be distinguished 
by their normal echogenicity and because they are transient. 
Patience is required as it may take up to 20 minutes for them to 
relax and show that the apparent mass was only a contraction. Rim 
calcified fibroids may also confuse the sonographer by simulating 
the fetal head or if the rim is incompletely calcified, other fetal 
parts. 



Figure 36.7 Pregnancy and fibroids. MR scan of the non-gravid uterus (A) shows a large subserosal fibroid arising from the anterior 
wall of the uterus and bending the uterus posteriorly. Ultrasound when the woman is pregnant shows the fibroid arising off the fundus of 
the uterus on the edge of image (arrow) (B) and it is shown fully in image (C) between the callipers. It has not enlarged or shown central 
degeneration. 






Myometrium 


Fertility and fibroids 

Fibroids are implicated in subfertility. They may block the tubal 
ostia or prevent implantation of the embryo by distorting the 
uterine cavity. Endometrial thickness is no different between those 
with fibroids and those without, but in a study of those undergoing 
first assisted reproduction cycles, the rate of non-proliferative 
endometrial pattern and live birth rates (34% for those with fibroids 
versus 43% for those without) were significantly different. 16 Women 
with fibroids larger than 4 cm require an increased number of IVF 
cycles to achieve an ongoing pregnancy. 17 

Nomenclature of site of fibroids 

The clinical symptoms that may arise, outside of pregnancy, depend 
on the site and size of the fibroid. Fibroids that lie entirely within 
the myometrium are termed intramural; those that distort the outer 
margin of the uterus are subserosal; and those that distort the 
endometrial cavity are submucosal. The degree of distortion caused 
by submucosal and subserosal fibroids may vary from a minor 
bump to a fully pedunculated fibroid. 

The European Society of Hysteroscopy has classified submucosal 
fibroids into three groups: those that are pedunculated and entirely 
within the endometrial cavity are type 0; those that lie mostly 
within the cavity such that there is an acute angle between the wall 
of the cavity and the wall of the fibroid are type 1; and those that 
are mostly within the myometrium such that the angle between the 
cavity wall and the wall of the fibroid is obtuse are type 2. The 
purpose of the classification is to reflect the suitability for hystero- 
scopic resection of the fibroid. Submucosal fibroids may be expelled 
vaginally following treatments such as uterine artery embolisation 
or gonadotrophin-releasing hormone agonists. 18 

Subserosal fibroids have the same variety of extension through 
the uterine serosa. Fully pedunculated fibroids may provide diag¬ 
nostic difficulty in distinguishing them from other adnexal masses. 
Degenerative cystic change in the fibroid may give it an appearance 
similar to an ovarian cyst. 19 A valuable sign is the 'bridging vascu¬ 
lar' sign whereby the blood supply to the pedunculated mass is 
seen to arise from uterine vessels helping to confirm its peduncu¬ 
lated nature. 20 A fibroid that has its blood supply through a narrow 
pedicle runs the risk of twisting and cutting off the blood supply, 
the so-called torted pedunculated fibroid. This produces acute 
symptoms of pain and tenderness, not unlike any other cause of an 
acute abdomen. Torsion of other adnexal masses or ovaries will 
give similar symptoms. CT is usually better than ultrasound in 
establishing the diagnosis in the acute setting. 21 Those subserosal 
fibroids that extend laterally may lie within the layers of the broad 
ligament; indeed fibroids may develop entirely within the broad 
ligament, as can other rare variants of fibroids such as an 
angioleiomyoma. 22 

Symptoms and fibroids 

A causal relationship is often difficult to establish, but fibroids are 
associated with menorrhagia, pelvic pain and pelvic or urinary 
obstructive symptoms 3 in addition to the fertility- and pregnancy- 
related conditions described above. Disorders of menstruation are 
the commonest presenting feature. 

Urinary retention rarely affects women of reproductive years. 
The commonest causes are gynaecological surgery or pelvic masses. 
Large fibroids or fibroid uteri can act to distort the position of the 
cervix and bladder neck. 23 Hysterectomy in such cases has been 
shown to alleviate the urinary symptoms. 

Torsion of a pedunculated fibroid is a well-recognised cause of 
acute pelvic pain. Much rarer is torsion of the whole uterus due to 
the presence of fibroids. It has been reported in association with 
uterine prolapse. 24 Another rare occurrence is inversion of the 
uterus. This can occur when a submucous fibroid is expelled 
through the cervix and pulls the uterus inside-out. 


Deep dyspareunia (pelvic pain associated with sexual inter¬ 
course) has been shown to be unrelated to the presence of fibroids. 
Women with fibroids do not have any increased prevalence or 
severity of deep dyspareunia and their sexual function is 
unimpaired. 25 

Ultrasound appearances of fibroids 

Fibroids produce a variety of ultrasound appearances depending 
on their size, number, position and the relative amount of fibrous 
tissue, smooth muscle and calcification within them. The typical 
appearance of an intramural fibroid is of a well-demarcated, round 
or oval lesion within the normal homogeneous myometrial echo 
(Fig. 36.8). Fibroids may be echo-poor, isoechoic to myometrium, 
or echo-bright. Increased reflectivity may be due to calcification, 
which can be punctuate, amorphous or rim in nature, or due to the 
presence of fat within the lesion; a so-called lipoleiomyoma (Fig. 
36.9). The uterus can be enlarged by the presence of one or many 



Figure 36.8 Transverse view of a fibroid in the uterine 
fundus. The fibroid is between the callipers. Note the streaky 
shadowing arising from the fibroid. A characteristic feature. 
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Figure 36.9 A small, round, bright fibroid is seen near to the 
cervix. A high fat content gives it the bright echogenicity and is 
typical of a lipoleiomyoma. 
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fibroids and the outline of the uterus may become lobulated (Fig. 
36.10), often most easily seen where it pushes against the full 
bladder. Fibroids have a dense nature which impairs the passage 
of ultrasound so that most show posterior acoustic shadowing even 
without calcification. The whorled nature of a fibroid or internal 
calcification can lead to the typical Venetian blind' pattern of acous¬ 
tic shadowing with bands of diverging linear shadows (Fig. 36.11). 
Fibroids may be so dense or calcified that they prevent visualisation 
of other structures. Dense calcification of a fibroid is commoner in 
the postmenopausal age group and may be picked up as an inci¬ 
dental finding on an abdominal radiograph for other reasons. Cal¬ 
cification of the margins alone of a fibroid also occurs (Fig. 36.12). 
The presence of fibroids may prevent adequate examination of the 
rest of the pelvic organs; the endometrium and the ovaries may be 
obscured. 


Fibroids can outgrow their blood supply and undergo central 
necrosis or cystic change (Fig. 36.13). This cystic change can vary 
from a simple cavity to a complex array of echogenicities with a 
surrounding irregular wall and septations. It is a not-uncommon 
diagnostic dilemma to distinguish a cystic fibroid from another 
potentially serious adnexal mass such as an ovarian tumour. When 
a mass is large enough it may be impossible to tell on ultrasound 
whether it is uterine or ovarian in origin. Magnetic resonance plays 
a very useful role here as it gives a better overall anatomical depic¬ 
tion of the pelvis 26 and may help identify the normal ovaries else¬ 
where. Indeed MR is ultrasound's complement as it can give 
precise fibroid mapping and characterisation: 27 because of this MR 
is the favoured imaging tool in the work-up for uterine artery 
embolisation and post-embolisation quantification of fibroid 
shrinkage. 



Figure 36.10 Transabdominal image of an enlarged fibroid 
uterus extending above the level of the bladder. Note its lobulated 
outline. 



Figure 36.11 A large fibroid marked by the callipers is seen on 
transabdominal scan. It shows the streaky shadowing that is typical 
of a fibroid (and is also shown in Fig. 36.8). 



Figure 36.12 Calcified fibroids. A dense calcified fibroid with a strong acoustic shadow (A) and a rim calcified fibroid (B) are shown. 
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Submucosal fibroids need to be distinguished from endometrial 
polyps. Polyps typically show as homogeneously hyperechoic 
masses. Submucous fibroids are more likely to be hypoechoic. 
Lesions greater than 20 mm in size are much more commonly 
fibroids. Fibroids may have more than one feeding vessel whereas 
polyps never do. 28 

A retroverted uterus on transabdominal ultrasound can produce 
the misleading impression of a fundal fibroid; this is in part due to 
the axial lie of the uterus relative to the ultrasound beam and the 
consequent increase in sound attenuation. Transvaginal ultrasound 
easily resolves this issue. Duplication anomalies of the uterus, typi¬ 
cally a bicornuate uterus, can also confuse as one fundus may 
mimic a fibroid. Identification of the endometrium in each horn 
resolves this issue. This can be more of an issue if there is a preg¬ 
nancy in one horn and not the other. 

Ultrasound has a high sensitivity for fibroids but only a relatively 
poor specificity (about 40% in one study) and a low negative predic¬ 
tive value. Adenomyosis is the most common final diagnosis in 
women with inaccurate ultrasound reports for uterine fibroids, 29 
being found in both false positive and false negative reports. The 
diffusely enlarged uterus without a focal lesion that might in the 
past have been thought to represent numerous small intramural 
fibroid changes is more likely to be a manifestation of adenomyosis. 



Figure 36.13 Central necrosis of a large fibroid. Note the 
complex cystic centre with an irregular surrounding wall. 
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Magnetic resonance is better able to differentiate the two condi¬ 
tions, though of course they often coexist. 

Vascularity and malignant change 

The blood flow through a fibroid can be very varied. The finding 
of central or peripherally placed vessels, their velocities and the 
impedance to flow show a very wide range of variation across 
benign fibroids. Some authorities believe that fibroids containing 
sarcoma are more likely to show increased vascularity and high- 
velocity flows; others believe that malignant mixed mesodermal 
tumours are more likely to have low-impedance flow; 30 however, 
these features are non-specific. Leiomyosarcomas are more likely to 
be larger than 8 cm in diameter (Fig. 36.14) and show central degen¬ 
eration when diagnosed. 31 Magnetic resonance is also unable to 
distinguish leiomyosarcomas from cellular fibroids. The most 
useful indicator is a rapid increase in size of the lesion over time. It 
should be borne in mind that sarcomas do not generally arise in 
pre-existing fibroids but develop de novo. Furthermore, most leio¬ 
myosarcomas are diagnosed at postoperative histology rather than 
before resection. 

Treatment of fibroids 

Hysterectomy used to be the only effective surgical treatment. 
Women who wish to preserve or improve their fertility may opt for 
myomectomy. Hysteroscopic resection of submucous fibroids is 
well recognised. Uterine artery embolisation is well established as 
an alternative treatment with many papers reporting a 50-60% 
reduction in fibroid size 32 with up to a 95% rate of symptom relief. 


Fibroids 

• 30% of women aged 40-60. 

• Oestrogen stimulation a common causal factor; regression after 
menopause. 

• Position: submucosal, intramural, subserosal and pedunculated. 

• Symptoms: disorders of menstruation, pelvic pain and urinary 
symptoms. 

• Ultrasound appearance variable but commonly attenuating with a 
streaky shadowing. 

• Rapid growth suggests sarcoma. 

• Treatments: medical, surgical, embolisation and ablation. 



Figure 36.14 Leiomyosarcoma. Ultrasound (A) and pathological specimen (B) of a proven leiomyosarcoma. The only feature of note 
was the large size of the ‘fibroid’. The diagnosis of sarcoma had not been suspected preoperatively. 
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Other new treatments include: radio-frequency thermal ablation 
done either transvaginally 33 or percutaneously; 34 and focused ultra¬ 
sound ablation. 35 

Medical treatments (Depo-Provera (medroxyprogesterone 
acetate), 7 mifepristone, 8 and gonadotrophin-releasing hormone 9 ) 
have all been shown to decrease fibroid size and improve quality 
of life. The use of the Mirena intrauterine system has been discussed 
earlier. The advent of the menopause relieves many women of their 
fibroid related symptoms. 

Adenomyosis 


This is a condition of migration of endometrial glands into the 
myometrium, which provokes an associated smooth muscle hyper¬ 
plasia. It is most commonly encountered in the fourth and fifth 
decades of life and is strongly associated with endometriosis. Up to 
80% of women with endometriosis will also have adenomyosis 
(though women with endometriosis as their main complaint usually 
present earlier in life, in the third and fourth decades). Adenomyo¬ 
sis is more common in multiparous women. 

Symptoms of adenomyosis 

Adenomyosis has been a difficult condition to diagnose before the 
advent of high quality transvaginal ultrasound or magnetic reso¬ 
nance. Consequently, its symptomatology is poorly understood. 
Certainly, some women will experience heavy or painful bleeding 
and a tender uterus which waxes and wanes through the cycle. 36 
Many though will remain asymptomatic and the condition is only 
found as an incidental finding on imaging. Adenomyosis often 
coexists with other conditions and these produce confusion over 
related symptoms. 

Diagnosis of adenomyosis 

There is some overlap with the features in fibroid change, and 
fibroids and adenomyosis may coexist. The most specific signs of 
adenomyosis on ultrasound 37 are: subendometrial echogenic linear 
striations; a globular configuration to the uterus; and myometrial 
cysts (Fig. 36.15). The subendometrial striations have a high posi¬ 
tive predictive value of 80%. The myometrial cysts are due to the 
endometrial glands still showing cyclic function. They are usually 


1-5 mm in size and subendometrial, and not to be confused with 
the normal venous spaces seen in the subserosal layer. Other fea¬ 
tures (Fig. 36.16) which are less specific are: asymmetric thickening 
of the uterine walls; loss of definition of the endometrial/myome¬ 
trial interface; and the formation of adenomyomas. Adenomyomas 
are usually poorly defined, echogenic masses that may contain 
cystic spaces, sited near the junctional zone. 38 They have features 
that overlap with fibroids but one useful feature is that they do not 
show the rim vascularisation that fibroids may do on colour 
Doppler. Bright echogenic subendometrial foci may be artefactually 


Adenomyosis 

• 80% of women with endometriosis also have adenomyosis. 

• Many remain asymptomatic. 

• Fibroids and adenomyosis may coexist. 

• Diagnosis: subendometrial echogenic striations, globular shape to 
uterus and myometrial cysts. 

• MR is a better diagnostic tool for adenomyosis. 



Figure 36.15 Adenomyosis. Three small cysts are seen in the 
myometrium adjacent to the endometrium (arrows). These are 
strong indicators of adenomyosis. 




Figure 36.16 Adenomyosis. A and B: Both images show asymmetrical thickening of the uterine walls (double-headed arrows). There is 
also loss of definition of the endometrium in (B). 






Myometrium 


produced by intravasation of air during saline infusion hysterogra- 
phy 39 so, ideally, ordinary transvaginal ultrasound should be done 
prior to any infusion. Overall, the diagnostic sensitivity of ultra¬ 
sound is suboptimal, even in the best hands only ranging from 50% 
to 87%. 40 Magnetic resonance is the better imaging tool, 41 showing 
thickening of the low-signal junctional zone on T2-weighted 
imaging and the presence of foci of high signal in the myometrium 
due to haemorrhage (Tl) or cystic endometrial glands (T2) (Fig. 
36.17). It suffers much less from observer variation. 

Adenomyosis can rarely be the origin of adenocarcinoma arising 
outside the normal endometrium. They may display a more 
aggressive histological subtype than conventional endometrial 
adenocarcinoma. 

Treatment of adenomyosis 


Generally, treatment is aimed at suppressing menstruation. Anti¬ 
prostaglandins, sex hormones, danazol and gonadotrophin-releas¬ 
ing hormone analogues have all been tried. 42 Surgical procedures 
include endometrial ablation, laparoscopic electrocoagulation, 
radio-frequency ablation and adenomyoma resection. Uterine 
artery embolisation has also been used with promising results. Ulti¬ 
mately, if fertility is not desired, hysterectomy can be offered. 

Other myometrial lesions 


Malignant mixed Mullerian tumours 

These rare tumours are usually aggressive and rapidly invasive. 
They most commonly present as an intracavitary mass with dilation 
of the endometrial canal. They tend to look hyperechoic on ultra¬ 
sound; myometrial invasion is common and has a predilection for 
the uterine fundus. 43 They arise in pluripotential cells in the Mulle¬ 
rian duct system and are at least in part sarcomatous. 

Uterine sarcoma 

These are rare tumours with a peak incidence at 50-60 years of age. 
They mostly develop de novo rather than in pre-existing fibroids. 



Figure 36.17 MR T2-weighted scan of a retroverted uterus. 

Small high-signal foci are seen extending into the myometrium from 
the endometrium. These are cystic endometrial glands diagnostic of 
adenomyosis. 


They present with postmenopausal bleeding and are commonly 
quite bulky at presentation (Fig. 36.18). There are no distinguishing 
features on ultrasound to separate them from benign fibroids. The 
most useful sign is that of rapid enlargement. They are often highly 
vascular with central flow visible on colour Doppler. Histology is 
required for diagnosis. 31 

Lymphoma and metastases 

Lymphomatous involvement of the uterus may occur as part of a 
generalised systemic disorder (usually non-Hodgkin's type with 
involvement of liver, spleen or lymph nodes) or as a primary mani¬ 
festation. In the latter case, it invariably arises in the cervix rather 
than the uterine body and is usually B-cell in type. Ultrasound 
shows a uniformly hypoechoic mass which is rarely calcified, 
centred on the cervix. Magnetic resonance appearances may suggest 
the diagnosis but biopsy is needed. 

Metastases to the uterus are usually to the endometrium, though 
they can be to the body or cervix as well. They are rare. Primary 
sites are often in the breast or stomach. There are no specific fea¬ 
tures on ultrasound. 

Lipoma 

Lipoleiomyomas are fat-rich fibroids, in distinction to pure lipomas. 
Both will look bright on ultrasound. Magnetic resonance is useful 
to prove the presence of fat. They are benign lesions. 

Arteriovenous malformation (AVM) 

These abnormal arterio-vascular communications may arise as a 
manifestation of abnormal placentation and retained products of 
conception or as a consequence of surgical curettage or trauma. 
They characteristically show as areas of intense signal on colour 
Doppler within the endometrium or myometrium (Fig. 36.19). 44 
Tortuous feeding vessels may be visible on greyscale ultrasound. 
There is overlap with the appearances of trophoblastic disease, so 
serum beta human chorionic gonadotrophin (beta-hCG) levels 
should be checked. They usually present with persistent bleeding 
after miscarriage. Curettage can provoke massive haemorrhage and 
is best avoided. 45 Transcatheter arterial embolisation has been the 
standard treatment; however, the greater use of ultrasound after 
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Figure 36.18 A 15 cm fibroid that proved to be a sarcoma at 
histology. 
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Figure 36.19 Arteriovenous malformation. Transverse view (A) of a bright, turbulent blush of colour Doppler signal due to an AVM 
following miscarriage, together with an arteriogram (B) demonstrating the tangle of vessels associated with a true AV fistula. 


miscarriage has led to many more arteriovenous fistulae being rec¬ 
ognised. Embolisation is still often needed for traumatic fistulae but 
those related to retained products of conception can be treated 
conservatively. 46 The malformation resolves once the products pass 
or resorb. Medical treatment to suppress menstruation is needed 
until this occurs. 

Gestational trophoblastic disease (GTD) 

GTD is always associated with products of conception be it follow¬ 
ing miscarriage, stillbirth, livebirth or termination. Three main cat¬ 
egories are recognised: molar pregnancy, which can be partial or 
complete, invasive mole, and choriocarcinoma, listed in increasing 
order of invasiveness. Choriocarcinomas are fast growing and often 
metastasise early to the lungs. The incidence of GTD is about 1 in 
2000 pregnancies, but it is far higher in the Far East. The classic 
presentation is with an enlarged uterus for menstrual age, elevated 
serum beta-hCG levels and vaginal bleeding. The typical second 
trimester appearance of a complete molar pregnancy is of a large 
soft tissue mass with numerous small cystic spaces filling the 
uterine cavity (Fig. 36.20). The lesions are highly vascular and show 
copious low-impedance flow on colour Doppler. There may be 
associated theca lutein cysts of the ovary because of the high beta- 
hCG levels. 

A complete mole is characterised by diffuse trophoblastic prolif¬ 
eration in the absence of any embryonic parts. Partial moles are 
characterised by focal trophoblastic proliferation and the presence 
of embryonic or fetal tissue. They exhibit lower beta-hCG levels 
than complete moles. Complete moles can coexist with a normal 
pregnancy and must have formed in a dizygotic twin pregnancy. 

Retained products of conception are common, occurring in about 
17% of first trimester miscarriages and 40% of second trimester 
miscarriages but only about 6% of normal deliveries. 47 This raises 
the problem of distinguishing ordinary retained products (Fig. 
36.21) from molar change. Features that favour molar change are 
findings that a mass has its epicentre in the myometrium, a depth 
of myometrial invasion greater than a third, venous lakes, mass 
dimension greater than 3.4 cm and endometrial thickness less than 



Figure 36.20 Molar pregnancy. The uterine cavity is distended by 
a soft tissue mass containing numerous small cystic spaces. 


12 mm. 48 booking for small cystic spaces, increased vascularity, 
ascites and ovarian cysts does not help distinguish the two. A sig¬ 
nificant proportion of first trimester moles only show minimal 
hydropic change and so will not show the small cystic spaces clas¬ 
sically associated with moles. 49 Serial beta-hCG levels will help. 

Ultrasound is valuable in the monitoring of treatment and in 
follow-up to assess recurrence. A combination of colour Doppler 
ultrasound and beta-hCG testing is effective, persistent tumour 
being shown by areas of increased vascularity and an abnormal 
uterine morphology. Magnetic resonance imaging is invaluable in 
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Figure 36.21 Hydropic decidua following miscarriage. 

Compare and contrast this with the molar change shown in Figure 
36.20. 



Figure 36.22 Transabdominal scan: small bright foci are seen 
along the basal layer of the endometrium. These indicate sites of 
old trauma and can indicate the presence of Asherman’s syndrome. 


assessing extrauterine spread, vascularity and staging. 50 Methotrex¬ 
ate chemotherapy has a 95% cure rate for gestational trophoblastic 
tumours. 

The postoperative uterus 


Dilatation and curettage 

The use of newer techniques, involving hysteroscopy or thermal 
ablation, has rendered this procedure almost obsolete. It involves 
removing the superficial layer of the endometrium and if confined 
to this, complications are rare. If done after pregnancy, to remove 
retained products of conception, there is a greater chance of 
removing deeper layers of endometrium because the pregnant 
endometrium is very friable. This deeper resection may cause areas 
of fibrosis or adhesions to develop. This eventually produces a 
characteristic picture of small bright foci of echoes on the basal 
layer of the endometrium, some of which are calcified (Fig. 36.22). 
These adhesions, which form the basis of Asherman's syndrome, 




Figure 36.23 Regrowth of endometrium following endometrial 
ablation; this example shows fundal reformation together with a 
small amount of retained intracavitary fluid. 


are associated with subfertility and may need to be divided at hys¬ 
teroscopy although this treatment is not always straightforward 
and subsequent pregnancies have a higher rate of complications, 
even including uterine rupture. 51 

Endometrial ablation 

Coagulation of the endometrium using thermal energy is an alter¬ 
native treatment to hysterectomy or medical treatment for dysfunc¬ 
tional uterine bleeding. The aim is to destroy the endometrium and 
reduce the cavity to a narrow fibrotic tube. The procedure works 
best if done when the endometrium is at its thinnest in the early 
part of the cycle. Follow-up ultrasound may show fluid in 
the cavity, adhesions and residual or regenerated endometrium 
(Fig. 36.23). Haematometrium is a potential complication and may 
be focal. 

Caesarean section scars 

Up to a third of pregnancies may be delivered by caesarean section. 
A lower segment horizontal incision just above the cervix is pre¬ 
ferred, though many may be done through the cervix, especially if 
done during uterine contractions when the cervix is effaced. 52 In the 
first few days after operation the incision is visible on ultrasound 
as a well-defined oval area in the lower uterine segment, which may 
deform the posterior wall of the bladder. Suture material is shown 
as small punctate echogenic foci. These signs can take over 6 weeks 
to disappear and the rate of change is not affected by whether a 
one- or two-layer closure has been used. 53 Long term, a small echo¬ 
genic line extending perpendicularly from the endometrium into 
the anterior myometrium just above the cervix is detectable in 
nearly all women who have had a caesarean section (Fig. 36.24) 54 
This scar may be filled with fluid (Fig. 36.25). Its appearance does 
not predict whether or not it is at risk of rupture in future pregnan¬ 
cies. A caesarean section scar can also lead to abnormal implanta¬ 
tion and adherence of an anterior placenta in future pregnancies or 
even be a site of ectopic pregnancy (Fig. 36.26). 55 

Hysterectomy; subtotal hysterectomy; 
trachelectomy 

Hysterectomy is the most common major surgical procedure in 
women. If done for benign disease, then just the uterus and not the 
ovaries may be removed. If done for malignant disease, then 
surgery is more extensive and also requires removal of the ovaries 
and tubes, as well as lymph node dissection or further procedures 
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Figure 36.24 Caesarean section scar. This is the typical 
appearance of an old scar, seen as a thin white line (arrow) 
extending anteriorly from the endometrium just above the cervix. 



Figure 36.25 Caesarean section scar. This old scar has a little 
fluid within it (callipers). Note the line of the endometrium is deviated 
up toward it. 


Postoperative changes 

• Type of surgery affects postoperative appearances. 

• Dilatation and curettage done after delivery is more likely to 
damage the myometrium. 

• Endometrial ablation: adhesions, residual endometrium and 
haematometra may result. 

• Caesarean section scars are readily visible in nearly all those who 
have had one. Its appearance does not predict future rupture. 

• Haematoma, abscesses, urinomas and lymphoceles may all 
occur after hysterectomy. 


where necessary for staging. Immediately postoperatively a small 
amount of free fluid in the pelvis is normal. Up to a third will 
develop a more significant sized collection and pyrexia may 
develop. The vault of the vagina is often left unsutured to facilitate 
postoperative drainage of these collections clinically. Haematomas 
may develop. These often show complex internal architecture with 



Figure 36.26 Caesarean section scar. An ectopic pregnancy is 
developing within an old scar. 



Figure 36.27 Drainage of a post-hysterectomy, pelvic 
collection. A transvaginal scan showing a guide-wire that has been 
placed through the vagina into the collection using a sheathed 
needle. 


fluid levels and clot retraction. Ultrasound-guided drainage can be 
tried if clinical reopening of the vault and medical treatment with 
antibiotics is unsuccessful (Fig. 36.27). It is important to remember 
to treat the patient rather than the scan as many of these haemato¬ 
mas will resolve spontaneously. The anterior abdominal wall also 
needs to be checked for collections, either in the wound or in the 
rectus sheath. Other potential accumulations are: urinomas, lym¬ 
phoceles and peritoneal inclusion cysts. Urinomas, following 
damage to the ureters or bladder, occur early. CT urography is the 
best way to make the diagnosis as the kidneys may not be dilated 
on ultrasound. Lymphoceles usually develop a week or two after 
surgery. They arise from the pelvic side wall and have a very vari¬ 
able appearance from a simple thin-walled cyst to a cyst with innu¬ 
merable fine septations. Peritoneal inclusion cysts are usually a late 
occurrence (Fig. 36.28). The typical feature is that the cyst inter¬ 
leaves between bowel loops and shows walls with acute angles. 
Developing countries report a higher incidence of pelvic hae¬ 
matoma and more pelvic inflammatory disease. 56 

Long term just the residual vagina with a uniform thickness 
should be seen. A subtotal hysterectomy leaves the cervix in place. 
This appears as a smooth mass at the vault of the vagina and may 
show development of nabothian cysts. A trachelectomy is an 
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Figure 36.28 Transvaginal view of a peritoneal inclusion cyst 

as a long-term consequence of previous hysterectomy. 



Figure 36.29 Haematometrium developed in the potential space 
left following removal of the cervix as part of a Manchester repair 
for prolapse. The opening left by the surgeon to allow drainage of 
blood into the vagina had stenosed up over time. 



Figure 36.30 The normal endometrium in different phases of the menstrual cycle: menstrual (A), proliferative (B), peri-ovulatory (C) and 
secretory (D). 
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uncommon operation done for early stage cervical cancer when the 
woman wishes to retain the ability to carry a pregnancy The cervix 
is removed but the uterine body is left behind. Assisted conception 
will be needed if pregnancy is desired. A Manchester repair done 
for prolapse also removes the cervix and although a passage is left 
to allow uterine contents to escape, a haematometrium can result 
(Fig. 36.29). 

Knowledge of the type and extent of surgery clearly affects the 
postoperative features and the likelihood of complications. 


ENDOMETRIUM 


The endometrium is a specialised form of mucous membrane 
whose appearance reliably reflects the hormonal status of the 
patient. The normal appearances (Fig. 36.30) and variation with age 
and menstrual cycle are described in Chapter 34. The active 
endometrium in premenopausal women measures up to 12 mm in 
double layer thickness; prior to menarche it is very thin and after 
the menopause it again atrophies and measures less than 5 mm 
thick. The thicker the endometrium becomes the more likely there 
will be pathology present. Oestrogen deficiency produces endome¬ 
trial atrophy (Table 36.2). An inappropriate endometrial pattern for 
the stage of the menstrual cycle can suggest hormonal imbalance 
or ovarian dysfunction. 

Endometrial hyperplasia 


Endometrial hyperplasia can be divided into two categories based 
on the presence or absence of cytological atypia and further divided 
into simple or complex depending on the extent of architectural 
abnormalities. 57 Clinical presentation is with abnormal bleeding, 
most commonly in the perimenopasusal age group. Endometrial 
hyperplasia without atypia responds well to treatment with pro- 
gestins but will need follow-up to ensure atypia does not develop. 
Women with atypical hyperplasia are offered hysterectomy, as 
atypia is a precursor to endometrioid endometrial cancer. 58 Ultra¬ 
sound is unable to distinguish one form of hyperplasia from 
another. The presence of cystic spaces is unhelpful and a diagnosis 
of so-called cystic hyperplasia does not really exist or help in 
management. 


Table 36.2 Causes of abnormal endometrial thickness 

Causes of atrophy Causes of increased 

thickness 


Endogenous causes: 
premature ovarian failure 
perimenopausal period 
menopause 
excessive androgens 


Exogenous medications: 
oral contraceptive pill 
progesterone compounds 
Depo-Provera 
danazol 


Pelvic irradiation 


Secretory phase of normal 
cycle 

Decidual reaction in early 
pregnancy 

Infections, i.e. endometritis 

Endometrial hyperplasia/ 
polyp 

Endometrial carcinoma 

Increased endogenous 
oestrogen: 

ovarian tumours 
adrenal tumours 
Oestrogen-type medications: 

hormone replacement 
therapy 

tamoxifen/anastrozole 


Endometrial hyperplasia 

• Presents with abnormal bleeding in the perimenopausal age 
group. 

• Persistent thickening over 10 mm is predictive. 

• Histology is needed to diagnose the presence of atypia. 

• Atypia is a precursor to endometrial cancer. 


Predictive features of an abnormal endometrium on ultrasound 
are a persistent thickening over 10 mm and an increased echogenic¬ 
ity that does not vary through the cycle in women who are pre¬ 
menopausal (Fig. 36.31). Hysteroscopy and biopsy are required for 
the diagnosis. Even biopsy runs a risk of under-calling the presence 
of atypia and coexistent cancer. Tamoxifen, used in the treatment 
of breast cancer, increases the risk of developing endometrial 
hyperplasia. 

Endometrial polyps 


These are a circumscribed overgrowth of endometrial tissue with 
or without some stroma. They are most commonly seen in the peri¬ 
menopausal age group but occur at most ages. The number, size or 
site of polyps does not correlate with symptoms, which are typically 
related to intermenstrual bleeding or other menstrual symptoms. 
Many are asymptomatic. They vary in size from a few millimetres 
up to 5 cm but most are in the range of 5 to 10 mm. They may show 
a stalk and occasionally may be pedunculated and even protrude 
through the cervical canal. 

Younger women presenting with infertility may be found to have 
polyps but it remains uncertain if polyps are a cause of infertility, 
or whether removing them improves outcome. The exception is 
those that block the tubal ostia. 

Ultrasound features are typically of a focal area of echogenic 
endometrial thickening. Colour or power Doppler may show a 
feeding vessel (Fig. 36.32) but this is not essential for the diagnosis. 
An oval or fusiform shape is normal. Round lesions are more likely 



Figure 36.31 Endometrial hyperplasia. The endometrium shows 
a persistent thickening over 10 mm. It contains a couple of tiny 
cystic spaces but this is unhelpful in the diagnosis of cystic 
hyperplasia. Biopsy is needed to look for the presence of atypia. 
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Figure 36.32 Endometrial polyp (A) with a single feeding vessel shown on colour Doppler (B), though there are branching vessels within 
the polyp itself. Note that the polyp has an ovoid shape. 



Figure 36.33 Endometrial polyps are easier to see in the proliferative phase of the cycle. The echogenicity of the ovoid polyp is outlined 
against the darker endometrium (A). A single feeding vessel is also shown on colour Doppler (B). 



Figure 36.34 Saline infusion hysterography. The polyp is hard to see against the secretory phase endometrium (A) but is clearly 
outlined by saline in (B). 
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to be submucosal fibroids. Small cystic areas may develop due to 
dilated glands within the polyp. Polyps are most easily seen in the 
proliferative phase when their echogenicity stands out against the 
relatively hypoechoic endometrium (Fig. 36.33). Later, in the secre¬ 
tory phase, the echogenicity of the endometrium may match that of 
the polyp and make it difficult to see. Occasionally a thin echogenic 
rim may be seen around a polyp due either to a band of compressed 
endometrium or to the interface with the cavity. Saline infusion 
hysterography can be used to reveal the polyp (Fig. 36.34). This is 
best done in the early proliferative phase when the endometrium 
is thin. Later in the cycle when the endometrium is thick, wrinkles 
from contractions may simulate sessile polyps. Polyps can be single 
or multiple. 3D ultrasound is better at giving a global depiction of 
multiple polyps than 2D. 

Blood clots may mimic a polyp but will not be vascularised and 
will not be constant on repeat examinations. Submucosal fibroids 
are more likely to be round, be hypoechoic and to show shadowing 
(Fig. 36.35). Fibroids are more likely to have multiple feeding 
vessels which branch over the surface and may also have a layer of 
overlying endometrium. A history of pregnancy raises the possibil¬ 
ity of other intracavitary masses, namely retained products of con¬ 
ception and gestational trophoblastic disease. 

Most polyps are benign, particularly in the premenopausal age 
group. Polyps are associated with endometrial cancer, with 10% of 
cancer patients showing coexistent or malignant polyps. Ultra¬ 
sound cannot distinguish a benign polyp from one with atypia, nor 
can ultrasound distinguish a benign polyp from coexistent endome¬ 
trial cancer. Consequently, polyps should be removed and the 
endometrium sampled. Tamoxifen use is associated with an 
increased incidence of polyps and cancer. 


Endometrial polyps 

• Circumscribed overgrowth of endometrium. 

• Any age but usually perimenopausal. 

• Typically oval in shape on ultrasound. 

• Best seen against the proliferative phase endometrium. 

• Saline infusion hysterography helps to reveal them. 

• Most are benign, but no imaging features to distinguish them 
from malignancy. 

• Tamoxifen use is associated with polyp formation. 


Endometrial cancer 


Aetiology 

There are various factors that increase the risk of developing 
endometrial cancer, namely: nulliparity, obesity, hypertension, dia¬ 
betes, polycystic ovary syndrome, hereditary non-polyposis color¬ 
ectal cancer and pelvic irradiation. A common causative factor is 
exposure to unopposed oestrogen, either from endogenous produc¬ 
tion from hormone-secreting tumours, or exogenous medication 
such as tamoxifen or hormone replacement therapy with oestrogen 
and no progestogen. Endometrial hyperplasia with atypia has a 
25% risk of developing carcinoma. Most are adenocarcinomas. It is 
the commonest gynaecological malignancy and the fourth com¬ 
monest cancer in women. The majority of women are postmeno¬ 
pausal, with the commonest ages being 50 to 65 years. 

Symptoms 

The most common presentation is with abnormal bleeding, typi¬ 
cally postmenopausal bleeding. About 10% of women with post¬ 
menopausal bleeding will have endometrial cancer and the longer 
the interval between menopause and the onset of bleeding the 
greater the likelihood of cancer. Some present with a vaginal dis¬ 
charge rather than bleeding. An obstructed uterine cavity causing 
a haematometrium may present with pain. 59 

Diagnosis 

The role of ultrasound falls into two main groups. Firstly, women 
who present with postmenopausal bleeding will be investigated 
with hysterography. Ultrasound can be used as a negative predic¬ 
tive tool to triage those women who do not need hysteroscopy. 
Secondly, asymptomatic women may have ultrasound scans for 
other reasons and ultrasound can be used to predict which of those 
need further investigation of their endometrium. 

The typical feature is that endometrial cancer produces thicken¬ 
ing of the endometrium (Fig. 36.36). Focal thickening is more con¬ 
cerning than diffuse and likewise an uneven echogenicity is more 
concerning than an even echo. Irregular branching of endometrial 
vessels on power Doppler is also a concerning sign 60 though addi¬ 
tion of Doppler to the predictive score obtained from greyscale 
features barely increases performance (Fig. 36.37). Texture analysis 



Figure 36.35 Submucous fibroid. In comparison with endometrial 
polyps, a submucous fibroid (between callipers) is more likely to be 
round, dark and shadowing. 


Figure 36.36 Grossly thickened endometrium in a 

postmenopausal woman. She was found to have endometrial 
cancer. 
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Figure 36.37 Endometrial cancer. Longitudinal transabdominal image (A) shows a bright irregular endometrium that disrupts the normal 
hypoechoic subendometrial layer. These features are strongly indicative of invasive endometrial cancer. The addition of colour Doppler (B) 
whilst showing irregular hypervascularity does not increase the predictive power of the scan. 



Figure 36.38 Endometrial cancer. Transabdominal (A), 
transvaginal (B) and colour Doppler (C) images of a greatly 
enlarged endometrium. The outer margins of the endometrium are 
hard to define and the subendometrial halo has been lost. The 
surrounding myometrium looks thin. These features suggest 
myometrial invasion. 
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of the endometrium using a computer model has been proposed 
but has not found widespread acceptance. 61 

Staging and prognosis of endometrial cancer depends on the 
degree of myometrial invasion (Fig. 36.38). Stage la is confined to 
the endometrium, or invades the inner half of the myometrium and 
lb the outer half. Ultrasound typically shows a low-echo, suben- 
dometrial, myometrial halo around the endometrium. Disruption 
of this layer suggests myometrial invasion (Fig. 36.39). However, 
prospective studies have shown that ultrasound is very unreliable 
at assessing invasion, with one study showing up to 30% incorrectly 
staged. 62 

Postmenopausal women should have an atrophic endometrium. 
It has been found that ultrasound has a high negative predictive 
value for endometrial cancer if the double-layer thickness is 4 mm 
or less (Fig. 36.40). Many centres use this as a triage tool to exclude 
women from unnecessary hysteroscopy. There are dissenting voices 
as a small proportion of women with cancer will have a thin 
endometrium, one study even claiming that up to 10% of women 
with cancer have a thickness less than 4 mm. 63 However, most 



Figure 36.39 Endometrial cancer. Normal endometrium and a 
subendometrial layer are seen on the right, whereas there is a 
tumour on the left invading into the myometrium (arrow). 


studies are in accord with the Birmingham experience 64 that using 
a cut-off of 4 mm saves hysteroscopy without missing any cancers. 
An important caveat is that an unmeasurable endometrial thickness 
is an indication for hysteroscopy. Loss of the endometrial/myome¬ 
trial distinction is potentially a sign of invasion and carries as high 
a risk of carcinoma as finding a markedly thickened endometrium. 

The transvaginal ultrasound technique must show the entire 
length of the endometrium. Measurement of thickness is made in 
the longitudinal plane at the widest point. The hypoechoic inner 
myometrium (or subendometrial halo) should not be included. 
Likewise, any intracavitary fluid should not be included in the 
measurement (Fig. 36.41). The significance of any intracavitary fluid 
depends on the coexistent endometrial thickness but also on its 
echogenicity. Echo-free fluid and a thin endometrium is usually a 
benign condition, 65 but the presence of echoes in the fluid confers a 
greater risk of endometrial cancer 66 and both endocervical and 
endometrial sampling is advised. 

Other ultrasound techniques that are used are saline infusion 
hysterography (SIH) and 3D ultrasound. SIH is advocated as a 
better way of visualising endometrial abnormalities and it certainly 
helps in the delineation of polyps and fibroids. However, it confers 
very little advantage over transvaginal ultrasound in the diagnosis 
of malignancy. 67 If SIH is used in the presence of endometrial cancer 
it does not cause any increased risk of extrauterine dissemination 
of the disease. 68 

3D ultrasound by enabling calculation of the endometrial volume 
can give higher specificities and better negative predictive values 
for endometrial cancer than using the endometrial thickness. 
However, there is no agreement between the various studies about 
the optimal volume to use as a cut-off. A range of values from 
1.35 mL, 69 to 2.7 mL 70 to 3.56 mL 71 have been reported as optimal 
values by different authors. It seems that any centre would have to 
validate its own volume measurement before applying it. The use 
of endometrial thickness is a much more readily reproducible meas¬ 
urement across different centres. 

Patient preference for ultrasound or hysteroscopy as the initial 
investigation for endometrial cancer differs depending on how the 
question is asked. Women asked which procedure they found more 
tolerable using a visual analogue pain score opted for ultrasound. 72 
In contrast, when women were taught about the probability of 
finding endometrial cancer and the advantages and disadvantages 
of different diagnostic strategies they showed a clear preference for 
hysteroscopy and its greater diagnostic certainty. 73 

Advanced tumours at presentation are relatively rare because 
bleeding is generally an early symptom. However, some women 
will present with large uterine masses that can be mistaken for 
fibroids or an ovarian mass. Endometrial cancer can metastasise to 



Figure 36.40 Atrophic endometrium: perimenopausal (A) and postmenopausal (B). There are obvious subserosal venous spaces seen 
in A and a dense focus of myometrial calcification in B as well. The calcification is probably in an old fibroid. 
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Figure 36.41 If there is fluid in the endometrial cavity (A), this should not be included in the endometrial thickness measurement. The 
double layer endometrial thickness in (B) is correctly measured, total 4.4 mm. 


Endometrial cancer 

• Commonest gynaecological malignancy. 

• Exposure to unopposed oestrogen and to tamoxifen. 

• Present with abnormal bleeding. 

• Mainstay of diagnosis is hysteroscopy and biopsy. 

• Ultrasound can be used for its negative predictive value in those 
with an endometrium less than 4 mm thick. 

• Loss of the subendometrial dark halo suspicious for myometrial 
invasion. 

• MR is the best imaging tool for staging. 

• Screening of asymptomatic women is not effective. 


the ovary to produce a large adnexal mass. Other signs of local 
spread with invasion into bowel and bladder, ascites, lymphaden- 
opathy and evidence of distant metastases to the liver or lungs may 
also be present. 

Other investigations 

Once the diagnosis of endometrial cancer is established by biopsy, 
then an MR scan is the best imaging test for local staging (Fig. 
36.42). 74 Some surgeons do not believe that preoperative staging by 
MR influences their choice of surgery or need to do lymphadenec- 
tomy. Surgery is needed to detect micrometastases that MR cannot 
see. 

A CT scan is used for staging more advanced disease and pro¬ 
vides a baseline for any chemoradiotherapy. PET is occasionally 
used when major pelvic exenterative surgery is being considered in 
order to improve detection of distant metastases that would be a 
contraindication to the planned surgery. 

Screening 

Screening the asymptomatic postmenopausal population has been 
advocated for the detection of endometrial cancer. Not every 


woman presents with postmenopausal bleeding. Asymptomatic 
endometrial cancer is thought to occur with an incidence of around 
1.5 per 1000 screened women. The problem is that ultrasound has 
a relatively poor positive predictive value for cancer and using 
endometrial thicknesses over 8 mm generates a high number of 
false positives. Currently, there is no evidence to support screening 
asymptomatic women. 

Management 

Surgery is the mainstay of treatment for early stage disease, with 
hysterectomy, bilateral salpingo-oophorectomy and lymphadenec- 
tomy. Stage I and II disease (confined to the uterine body and 
cervix) carries a 96% 5-year survival. More advanced stage disease 
(Table 36.3) is treated with chemotherapy and radiotherapy tailored 
to the individual presentation. 

Medications and the endometrium 


Oral contraceptive pill 

This is usually a combined oestrogen and progesterone preparation 
taken cyclically. There is also a progesterone only mini-pill. Char¬ 
acteristically, the endometrium appears as a 'single-line' which is a 
little thicker than that seen in postmenopausal woman. 

Hormone replacement therapy (HRT) 

This is a treatment aimed at alleviating postmenopausal symptoms 
produced by oestrogen deficiency. There is good evidence that HRT 
can improve health-related quality of life. 75 Hot flushes, night 
sweats, aching joints and muscles, insomnia and vaginal dryness 
are all improved but at a risk of increased breast tenderness, bleed¬ 
ing and vaginal discharge. 76 There are co-morbidities of an increased 
cardiovascular and thromboembolic risk. 77 

Unopposed oestrogen leads to endometrial hyperplasia, irregular 
bleeding and poor compliance. The hyperplasia carries a risk of 
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Figure 36.42 Local staging of endometrial cancer is best done with MR. A large endometrial tumour is seen on ultrasound (A), which 
is shown by MR (B) to extend into the outer half of the myometrium - stage lb. 


Table 36.3 

FIGO staging of endometrial carcinoma 

Stage 

Description 

la 

Confined to the endometrium or invasion into 
inner half of myometrium 

lb 

Invasion into outer half of myometrium 

II 

Involvement of cervical stroma 

III 

Spread beyond the uterus confined to true pelvis 

IV 

Spread outside the true pelvis or involvement of 
bladder or bowel 


developing endometrial carcinoma. Consequently, the main HRT 
regimens include a progestogen. This decreases hyperplasia and 
improves the woman's compliance with the treatment. The pro¬ 
gestogen is added in two main ways: 

1. continuous combined oestrogen and progesterone to produce 
permanent amenorrhoea and endometrial atrophy 

2. cyclical/sequential; e.g. with oestrogen for days 1-25 and 
progesterone for days 15-25, giving a regular bleed. 

The problem of irregular bleeding is less likely under the sequen¬ 
tial regime but the continuous regime over the long term offers the 
better protection against hyperplasia. 78 

Ultrasound appearances are different between the two regimes. 
Continuous HRT should produce an atrophic endometrium less 
than 5 mm thick that does not vary through the month. The cyclical 
treatment may produce a variation in thickness of up to 3 mm 
through the cycle with some measuring over 8 mm at their thickest. 
Hence, endometrial thickness measurement in these women is best 
taken immediately post-bleed. 

Tamoxifen and anastrozole 

Tamoxifen is a selective oestrogen receptor modulator (SERM) that 
is widely used in the treatment of patients with breast cancer and 


for chemoprophylaxis in high-risk women. 79 It confers a significant 
survival advantage in oestrogen receptor positive breast cancer. It 
has paradoxical effects, with an antagonistic action against oestro¬ 
gen receptors in the breast and an agonistic oestrogen action in the 
genital tract. This means tamoxifen produces endometrial pathol¬ 
ogy both benign and malignant, with an increased incidence of 
polyps, hyperplasia and carcinoma. About 40% of postmenopausal 
women on tamoxifen will have an endometrial thickness greater 
than 5 mm. Typically tamoxifen produces visible cystic spaces in 
the endometrial hyperplasia (Fig. 36.43). Saline infusion hysterog- 
raphy is helpful in looking for focal abnormalities in these women. 
A confounding factor in ultrasound assessment is that tamoxifen 
can also cause a form of reactivation of adenomyosis, producing an 
appearance in the subendometrial myometrium of multiple small 
cysts in an echogenic stroma. This can be indistinguishable from 
the endometrium and be mistaken for endometrial hyperplasia on 
ultrasound. Hysteroscopy or MR will enable the distinction. 

Anastrozole (Arimidex) is an alternative therapy to tamoxifen in 
women with endocrine responsive breast cancer. Its advantage in 
the genital tract is that it reverses the endometrial changes pro¬ 
duced by tamoxifen and reduces the need for hysteroscopy. 80 The 
mean reduction in endometrial thickness after changing from 
tamoxifen to anastrozole is 4.5 mm. 81 It also reduces the cystic 
appearance of the endometrium wrought by tamoxifen. Anastro¬ 
zole is generally more expensive than tamoxifen. Anastrozole also 
acts to reduce fibroid size in premenopausal women. 

Intrauterine devices 


Intrauterine devices (IUDs) are deployed for two main reasons; 
either to act as a contraceptive device or to provide symptom relief 
from abnormal bleeding. The Mirena coil is a progestin (levonorg- 
estrel) delivery system that leads to endometrial atrophy and can 
be used both for control of menorrhagia and as a contraceptive. 
Other IUDs used for contraception alone come in a variety of shapes 
(usually a T' or a '7') and may also be coated in copper. The major 
effect of all IUDs is to induce a local inflammatory reaction in the 
endometrium. 82 Copper ions released from copper IUD enhance the 
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Figure 36.43 Cystic changes associated with tamoxifen usage, with apparently greatly enlarged endometrial width on 
transabdominal (A) and transvaginal (B) views. This can be misleading as some of these changes can be in old adenomyosis in the 
subendometrial layer. 



Figure 36.44 Normal ‘T’ shaped intrauterine device. Longitudinal image (A) shows the body of the device in the endometrial cavity 
and transverse image (B) shows the less echogenic T bar in the fundus. 


local inflammatory reaction. This releases fluid into the lumen of 
the genital tract that is toxic to eggs and sperm. Far fewer sperm 
reach the egg, and any resultant fertilised egg is much less likely to 
survive the altered milieu of the uterus. The common belief that 
IUDs act to abort embryos in the uterus is not supported by the 
evidence. 

The role of ultrasound is to confirm the site of an IUD and to look 
for potential complications. The IUD should be visualised as cen¬ 
trally located within the endometrial cavity (Fig. 36.44), with the 
crossbar (if present) in the fundal part of the cavity. 83 Typically, the 
IUD shows as a strong reflector casting an acoustic shadow. This is 
more so when viewed in cross-section than longitudinally because 


of the limitations of the ultrasound beam width. Early versions of 
the Mirena coil were poorly reflective and harder to see (Fig. 36.45). 
The cross bar is often less reflective than the body of the IUD. The 
strings may be seen in the cervical canal. Some IUDs produce very 
characteristic appearances, the Gynaefix appears as a row of six 
spots, the old-fashioned Lippes loop (Fig. 36.46) has a serpentine 
appearance but may also appear as a row of spots if seen in cross- 
section. Patients from China may show a ring-shaped IUD. 

Complications of an IUD include low position, associated infec¬ 
tion, migration into the myometrium, uterine perforation, associ¬ 
ated intra- or extrauterine pregnancy and fragmentation of the IUD. 
If an IUD is known to be present but cannot be seen with 
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Figure 36.45 Mirena coil. Early versions were hard to visualise on 
ultrasound in the longitudinal plane but have become easier to see 
with more recent versions. The acoustic shadow helps. 



Figure 36.46 The serpentine appearance of a Lippes loop. 


Intrauterine devices 

• IUD used for contraception or as a local hormone delivery 
system. 

• Ultrasound is used to confirm IUD location. 

• Different lUDs have characteristic appearances. 

• Complications: wrong position, infections, migration and 
perforation, pregnancy and secondary infertility. 

• A plain radiograph will always show an IUD if one is present. 

• Long-term IUD use is associated with actinomycosis. 


ultrasound, a plain abdominal radiograph (Fig. 36.47) is helpful to 
show if an IUD is really present or has been expelled (usually with 
the menses). Expulsion of a modern IUD is rare (0.2%). 

Nearly 80% of pregnancies associated with IUD use are related 
to the IUD having been expelled. Those pregnancies that do develop 
with an IUD present (Fig. 36.48) carry a greater risk of abortion and 
infection so there is general agreement regarding the desirability of 
removing the IUD as soon as pregnancy is diagnosed. 84 



Figure 36.47 Plain film of the pelvis, confirming that an 
intrauterine device is present, even though it is not seen in the 
uterus on ultrasound. 



Figure 36.48 Early pregnancy in association with an intrauterine 
device. 


Myometrial penetration or uterine perforation usually occurs at 
the time of IUD insertion, in up to 5%. It is associated with pain and 
bleeding. Ultrasound shows the IUD or part of it to lie in the myo¬ 
metrium (Fig. 36.49). Ultrasound is less good once the IUD is com¬ 
pletely outside the uterus. CT can have a role to play here. IUDs 
are visible on both CT and MR (Fig. 36.50) although these are not 
primary tools of investigation. 

Long-term use of an IUD is associated with infection with actino¬ 
mycosis. Plastic IUDs have a higher infection rate than copper 
IUDs. 85 Actinomycosis can produce an indolent infection that 
causes a diffuse pelvic mass that may invade and displace other 
structures in the pelvis. It is a mimic for gynaecological malignancy 
and should be borne in mind whenever an IUD is present. Other 
infections and pelvic inflammatory disease are associated with IUD 
use and may lead to secondary infertility. 
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Figure 36.49 The intrauterine device penetrates the posterior 
myometrium. Most of these malpositions occur at the time of IUD 
insertion. 



Figure 36.50 MR scan showing an IUD as a dark linear 
structure within the bright endometrium on T2-weighted images. 


Endometritis 


Infection of the endometrium is generally caused by ascending 
infection through the cervix. It may form part of a more generalised 
pelvic inflammatory disease or be localised. Iatrogenic causes 
include any invasive procedure, such as cervical biopsy, hysteros- 
alpingogram, IUD insertion or endometrial instrumentation. 
Endometritis may also occur as a result of pregnancy, due to pre¬ 
mature rupture of membranes, abortion, postpartum, or prolonged 
labour. The commonest clinical manifestation is pain and fever in 
the postpartum period. 

Microbiologically, postpartum endometritis may be due to group 
B streptococcus alone or it may be polymicrobial with both anaero¬ 
bic and aerobic organisms. In the setting of non-pregnancy-related 
pelvic inflammatory disease, the two commonest organisms are 
Chlamydia trachomatis and Neisseria gonorrhoeae. 

Ultrasound examination may be limited by pain and often 
shows either normal or non-specific findings. 86 Endometritis is pre¬ 
dominantly a clinical diagnosis as uncomplicated endometritis 


Endometritis 

• Secondary to ascending infection through the cervix. 

• Causes: iatrogenic (any invasive procedure), pregnancy related or 
part of generalised pelvic inflammatory disease (PID). 

• C. trachomatis and N. gonorrhoeae; common in PID. 

• Primarily a clinical diagnosis. 

• There are no specific ultrasound features. 

• Non-specific signs: thickened endometrium, fluid in cavity, free 
pelvic fluid, diffuse enlargement of uterus and loss of definition of 
the endometrial border. 


commonly looks normal. Ultrasound has merit in looking for com¬ 
plications such as a pyometrium, pelvic abscess or retained prod¬ 
ucts of conception (RPOC). A large amount of echogenic fluid in 
the endometrial cavity raises the possibility of a pyometrium. 

Non-specific ultrasound findings that may be seen (Fig. 36.51) are 
a thickened, heterogeneous endometrium, fluid in the endometrial 
cavity, free pelvic fluid, diffuse enlargement of the uterus and loss 
of the junction between endometrium and myometrium. Air in the 
uterine cavity postpartum may be a normal finding, seen in 21% of 
healthy women. Colour Doppler can help identify RPOC, which 
predisposes to endometritis. Hyperaemia occurs in endometritis 
but normal colour Doppler flow does not exclude the diagnosis. 
Endometritis and RPOC can coexist. 

Asherman’s syndrome/intrauterine 
synechiae 


Synechiae are intrauterine adhesions that cause the walls of the 
endometrial cavity to stick together at various sites. Asherman's 
syndrome is usually reserved for the more severe forms, with 
partial or complete obliteration of the endometrial cavity. The com¬ 
monest cause is dilatation and curettage, particularly in the post¬ 
partum period when the uterus has a softened myometrium, which 
is more prone to damage. Retained placenta also increases the risk 
of adhesions. 

Clinically, women present with hypo- or amenorrhoea, infertility, 
or if the woman does become pregnant, an increased risk of miscar¬ 
riage and postpartum haemorrhage. 

Small bright foci on the basal layer of the endometrium are the 
clue to the site of adhesions. These may commonly be seen in 
asymptomatic postmenopausal women, when they are of no con¬ 
sequence. However, in the symptomatic infertile woman, adhesions 
may be commonly missed on ordinary transvaginal sonography. 
Sonohysterography is the best way to demonstrate the adhesions. 
These vary from fine strands (Fig. 36.52) to thick septa. Dilation of 
the cavity with saline can cause pain in those with adhesions. Divi¬ 
sion of the adhesions can be achieved at hysteroscopy. 

Haematometrium and other 
related conditions 


Retention of blood or mucus within the genital tract leads to disten¬ 
sion. The obstruction can be congenital or acquired. In children and 
adolescents the obstruction is usually congenital, which might be 
due to an intact hymen (1 in 1000) or an atresia or stenosis of the 
vagina (1 in 5000). These congenital lesions are associated with 
renal tract anomalies, so the ultrasound examination needs to be 
extended to include the kidneys. In the adult, the obstruction is 
usually at the cervix or high vaginal level. 

The genital tract becomes dilated above the obstruction. If the 
dilation contains blood the terms used are: 

■ haematocolpos: vaginal distension - obstruction at vaginal 
level 
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Figure 36.51 Endometritis. There are no specific signs on ultrasound for endometritis. Features that may be seen in association are: 

(A) retained fluid in the cavity after caesarean section (note the suture material in the fresh scar); (B) retained fluid and echogenic basal foci 
of tiny amounts of RPOC; (C) fluid and debris in the endometrial cavity; and (D) hypervascularity of the myometrium. 


■ haematometrocolpos: vaginal and uterine distension - 
obstruction at vaginal level 

■ haematometra: uterine distension - obstruction at cervical 
level 

■ haematosalpinx: dilation of fallopian tubes - obstruction at 
cornua. 

If the lesion contains pus, substitute 'pyo' for 'haemato' and if it 
contains only secretions use 'hydro' instead. 

The most common presentation of congenital lesions is with 
primary amenorrhoea. Cyclical pelvic pain, low back pain and 
urinary retention are all reported. Acute urinary retention can be 
the presenting complaint in an imperforate hymen. 87 Some may 
present as a huge paravaginal mass 88 - this is due to a vaginal 
septum dividing the vagina lengthways. The syndrome of Herlyn- 
Werner-Wunderlich comprises uterus didelphys (Fig. 36.53), an 
obstructed hemivagina and ipsilateral renal agenesis. 89 Problems 
with diagnosis can occur when one moiety of a uterus didelphys is 
obstructed. The unobstructed moiety is assumed to be a normal 


uterus and the adjacent obstructed moiety is misinterpreted as an 
adnexal cyst. 

Treatment of these congenital variants can range from simple 
division of an obstructing membrane through to more extensive 
surgery required for more complicated Mullerian duct anomalies 
or cloacal malformations. MR provides the best anatomical 
information, although transrectal sonography has been used as 
well. 90 

Adults who develop secondary genital tract obstruction do so for 
a variety of reasons (Table 36.4). Cervical stenosis as a result of 
endometrial ablation may cause retrograde menstruation, endome¬ 
triosis and delay in diagnosing endometrial cancer. 91 Unexplained 
postmenopausal haematometra needs to be investigated thor¬ 
oughly to exclude an underlying malignant cause. 92 Post-radiother¬ 
apy stenosis usually occurs within a year of treatment. Occasionally, 
the uterus will be so distended that it mimics an adnexal cyst. 
Failure to find a normal uterus should always raise the possibility 
that the abnormal mass is the uterus. 
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Figure 36.52 Fluid in the endometrial cavity outlines fine 
strands or synechiae crossing the cavity. 



Figure 36.53 Uterus didelphys. Two separate uterine bodies are 
seen on this transverse view (arrows). 


Table 36.4 Causes of adult cervical obstruction 

Fibrotic cervical atrophy in the elderly 
Tumour 

Cervical, endometrial and vaginal tumour 
Radiation therapy 
External or intracavity 
Trauma 

Post cone biopsy or instrumentation 


The ultrasound features are generally of a fluid-filled mass in the 
central pelvis (Fig. 36.54). Haematocolpos usually has a thin almost 
imperceptible wall, looks low-lying and tubular in shape and the 
uterus may be small and difficult to recognise at its top. Hae- 
matometrium usually presents with a thicker-walled mass and 
may, if severely distended, assume a rounded shape. The cervix is 
relatively indistensible so a haematometrocolpos often has an 


Congenital anomalies 

• Covered in Chapter 34 also. 

• The genital tract dilates above any congenital obstruction. 

• An intact hymen is commonest cause. 

• An MR scan is almost 100% accurate in diagnosing congenital 
gynaecological anomalies. 

• There is an association with renal anomalies. 

• Primary amenorrhoea commonest presentation of an obstructed 
tract. 

• Ultrasound will show the dilated tract as a central fluid-filled 
mass. 

• Failure to identify the uterus should always raise the possibility 
that an abnormal mass is in the uterus. 


hourglass shape with the cervix forming the waist. The contents 
may be anechoic or exhibit a uniform echogenicity. No Doppler 
flow will be visible in the fluid. It is not possible to distinguish 
blood from mucus or pus on ultrasound. MR can distinguish blood 
but clinical features are needed to diagnose pus (pyometrium). 

The postpartum uterus 


The puerperium lasts about 6 weeks and is the postpartum period 
in which the uterus returns to its pre-pregnant state. Immediately 
after delivery the fundus of the uterus is palpable around 12 cm 
above the symphysis pubis. Ultrasound shows the enlarged uterus 
to have a smooth globular outline with a length of 20 cm. Up to a 
fifth of normal postpartum uteri will show air in the cavity. A small 
amount of fluid is also common. Uterine size diminishes rapidly, 
taking only a week to halve in weight (Fig. 36.55) and 6 weeks to 
involute to a size a little greater than its nulliparous state. Restora¬ 
tion of the endometrium takes about 3 weeks after the superficial 
layer of decidua is shed as lochia in the first few days after 
delivery. 

Retained products of conception (RPOC) 

This may occur following delivery or termination of pregnancy and 
is defined as incomplete uterine evacuation with retention of pla¬ 
cental tissue within the uterus. Presentation is usually with post¬ 
partum haemorrhage, often within a few days, although sometimes 
delayed for a few weeks. Involution of the uterus becomes delayed 
and there is a risk of developing endometritis. RPOC is commoner 
after termination than after delivery, and it is least common after 
caesarean section (because the uterine cavity should have been 
inspected at the time of caesarean section). Abnormal implantation, 
placenta accreta, has a higher incidence of RPOC. 

Ultrasound features show an overlap between a normal postpar¬ 
tum uterus and RPOC. The uterus may be inappropriately large 
and the endometrial cavity distended with fluid, blood clot, mem¬ 
branes and placenta. Blood clot and placenta can appear similarly 
reflective so it may not be possible to distinguish them (Fig. 36.56). 
Finding colour Doppler blood flow in the tissue, particularly low- 
impedance flow, indicates RPOC but its absence does not exclude 
it. Ultrasound overcalls the presence of RPOC in 34% of patients. 93 

Management includes surgical curettage. This should not be 
undertaken lightly because the postpartum uterus is more liable to 
damage. Hence, some authorities advocate the use of an endome¬ 
trial thickness measurement to determine if surgical treatment is 
needed. The evidence is conflicting, with some papers finding a 
thickness of 13 mm, or more, useful with a sensitivity of 85% and 
specificity of 64% for RPOC, 94 whilst others find that there is no 
endometrial thickness measurement that allows distinction between 
chorionic villi or just decidua being present. 95 Another potential 
cause for confusion is the distinction of the normal low-impedance 
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Figure 36.54 Obstructed genital tract. Longitudinal (A) and 
transverse (B) views of a vagina distended with blood and a normal 
uterus above it. This is a congenital haematocolpos in a 13-year- 
old. C: An acquired haematometrium in a postmenopausal woman. 



Figure 36.55 Transvaginal view of a postpartum uterus on 

d a y Q. Figure 36.56 A substantial amount of retained products of 

conception is seen, with an endometrial cavity diameter of 40 mm. 
The bright echo tissue is a combination of placenta and blood clot. 
Ultrasound cannot tell them apart. 


flow found in RPOC from the development of an associated AV 
malformation. Both can show substantial areas of colour flow with 
apparent feeding vessels. Recent work demonstrates that the diag¬ 
nosis of AV malformation is overcalled considerably on ultra¬ 
sound. 96 This has important implications for management as 
someone with an AV malformation would not generally be offered 
curettage. 


THE CERVIX 


The cervix is potentially overlooked on the ultrasound exam 
because it is relatively difficult to visualise and practitioners are 
drawn to examining the uterine body and endometrium and 













The cervix 



Figure 36.57 Transvaginal view of the cervix. A small amount 
of fluid outlines the endocervical canal. 


looking for the ovaries. However, attention to detail allows the 
internal os, the endocervical canal and the external os to be identi¬ 
fied (Fig. 36.57). Very specialised techniques with high frequency 
(20 MHz) intracervical transducers have shown promise in identi¬ 
fying carcinomas. 97 Transrectal ultrasound can also provide further 
information about the cervix and its adjacent tissue planes as the 
probe is a little further removed from the cervix than is usual on 
transvaginal scan. 

Benign conditions 


Nabothian cysts 

These are retention cysts of the cervix and are a common benign 
finding, more so in those who have had children. Originally 
described as cysts visible on the ectocervix, the definition has come 
to include any retention cyst in the muscle of the cervix. Ultrasoni- 
cally, they appear as echo-free cysts of 6-20 mm in size. 98 They are 
usually multiple and may distort the endocervical canal but they 
do not occur in the canal itself (Fig. 36.58). Debris can be occasion¬ 
ally seen in the cyst. It is of no consequence. Nabothian cysts do not 
resolve. 

Cystic spaces centrally within the canal are due to dilated 
endocervical glands (Fig. 36.59). These usually give a tubular, mul- 
ticystic appearance and are termed 'cystic endocervical mucus'. 
This may coexist with nabothian cysts. Both conditions are entirely 
innocent and have no predisposition to cancer. 

A pitfall to avoid is mistaking a cervix filled with nabothian cysts 
for an enlarged ovary. Finding the endocervical canal and showing 
the relationship to the uterine body should prevent this error. 

Cervical polyp 

Cervical polyps are relatively common, being found in 5% of 
women referred for hysteroscopy," although they may be difficult 
to see on ultrasound without saline contrast. Occasionally they 
become large but usually are only a few millimetres in size. Most 
are echogenic. They may be mistaken for pedunculated endometrial 
polyps or fibroids. Most cervical polyps are asymptomatic though 
some present with bleeding. There is no known malignant 
potential. 


Cervical fibroid 

Less than 10% of fibroids occur in the cervix (Fig. 36.60). They have 
the same ultrasound features as fibroids elsewhere in the uterus and 



Figure 36.58 Transvaginal view of a cervix containing several 
Nabothian cysts. They do not arise in the cervical canal. 



Figure 36.59 Prominent endocervical glands are visible (arrows) 
in this transvaginal view of the uterus. Note that they look different 
to the endometrium. 


The benign cervix 

• Nabothian cysts are often multiple. 

• Nabothian cysts may mimic the appearances of an ovary - look 
for the relationship with the uterine body. 

• Dilation of the endocervical canal with endocervical glands is an 
innocent phenomenon. 

• Cervical polyps are common, but often not seen at ultrasound. 

• Less than 10% of fibroids occur in the cervix. 

• Cervical length monitoring in pregnancy can help predict those 
that will become incompetent. 


most are small. Urinary frequency may be caused by large cervical 
fibroids pressing on the bladder. Cervical fibroids may also cause 
obstructed labour. MR imaging is often better in late pregnancy 
than ultrasound in defining the relationship and size of a cervical 
fibroid. 
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Figure 36.60 A pedunculated fibroid is seen to be prolapsed into the cervix (A); the pedicle is highlighted by colour Doppler, seen here 
in monochrome (B). 



Cervical incompetence 

A history of second or early third trimester fetal loss, after painless 
dilation of the cervix, prolapse or rupture of membranes and expul¬ 
sion of a live fetus despite minimal uterine activity, is characteristic 
for cervical incompetence. 100 The diagnosis of cervical incompe¬ 
tence is mostly based on the measurement of a shortened cervical 
length on transvaginal ultrasound. 101 Measurements of less than 
25 mm in cervical length might predispose to preterm loss. Studies 
have been devoted to seeing if placing a cervical suture (cerclage) 
on the basis of ultrasound findings improves outcome. Whilst there 
is benefit in high-risk women (previous cone biopsy or dilatation 
and curettage in particular), those in low-risk groups 102 and those 
with multiple gestations 103 show no benefit of ultrasound-directed 
cerclage over conservative management. Another variable, other 
than length, is dilation of the internal os, or funnelling. This of itself 
predisposes to an adverse perinatal outcome. 104 

Ultrasound measurement is with transvaginal ultrasound, 
imaging the cervix in long axis. Normally the cervix is 40-42 mm 
in length with a T' shaped appearance at the internal os. When 
funnelling occurs the internal os develops a 'Y' shaped appearance. 
Finding bulging membranes through the cervix and into the upper 
vagina is likely to represent inevitable delivery. 

Cervical cancer 


Aetiology 

Cervical cancer is the second most common gynaecological cancer. 
It is associated with the early onset of sexual activity, multiple 
partners and venereal disease. Smoking, low-socio-economic class 
and high parity are also associated. Human papilloma virus (HPV) 
is strongly implicated. A national vaccination programme for 
schoolgirls has been instituted in the UK with the intent of reducing 
the incidence of cervical cancer. 

The peak incidence is at age 40 but with a change in society's 
attitude to sex there has been an increase in the number of younger 
women affected. Tumours arise at the adeno-squamous junction of 
the cervix, with 80-90% of tumours being squamous (and on the 
ectocervix) and 10-20% being adenocarcinoma (and in the endocer- 
vix). The position of the adeno-squamous junction in the cervical 
canal changes with age, so that older women are more likely to 
suffer endocervical tumours and growth, whereas younger women 
suffer an exophytic growth that extends interiorly to the vagina. 
Other rare tumours may occur, including lymphoma, sarcoma, 
melanoma and metastases. 


Symptoms 

Cervical cancer is most often asymptomatic and is detected at 
routine screening with a cervical smear and cytology. A few present 
with abnormal bleeding. The diagnosis is confirmed clinically by a 
combination of colposcopy, local or cone biopsy. The cone biopsy 
obtains tissue from the endocervical canal so is less likely to miss 
the 20% or so of cancers that arise there. A cone biopsy may also 
be sufficient therapy in the precursor to cancer, cervical intra-epi- 
thelial neoplasia. 


Ultrasound appearances 

Ultrasound has little or no role to play in the early stages of cervical 
cancer, as the tumour is often indistinguishable from the normal 
cervix. Some authors dispute this, 105 and say that by use of transrec- 
tal ultrasound (TRUS), equivalent detection rates and staging as 
that by MRI can be achieved. TRUS has a particular advantage over 
MRI in detecting residual tumour after cone biopsy. The use of 
TRUS in cervical cancer has yet to gain any wide acceptance. 

Three-dimensional ultrasound has been suggested as another 
tool that could be used to identify local infiltration of tumour, 106 
although, again like TRUS, the technique is yet to find any wide¬ 
spread use. 

Later stage disease may present on ultrasound as a mass distend¬ 
ing the cervix (Fig. 36.61). Irregularity of the outer margin of the 
mass implies local tumour spread into the parametrium. Ultra¬ 
sound may identify complications, namely invasion into the poste¬ 
rior bladder wall, obstruction to the ureters causing hydronephrosis 
and development of hydro /haematometra. Development of 
hydronephrosis indicates advanced stage disease and it may also 
be possible to see pelvic and retroperitoneal lymphadenopathy. 


Other investigations 

The mainstay of cervical cancer imaging is MRI. Direct multiplanar 
imaging and good contrast resolution between different tissues has 
allowed accurate local staging (Table 36.5). Finding an intact dark 
band around the cervix on axial T2-weighted images (the intact 
stromal ring) (Fig. 36.62) reliably stages the patient to stages I and 
Ha and hence eligible for surgical therapy. 

CT has a role in more advanced disease as it reproducibly dem¬ 
onstrates lymph node, liver and lung involvement. PET-CT is used 
in women considering pelvic exenterative surgery, to ensure there 
is no disease outside the pelvis. 






The vagina 



Figure 36.61 Cervical cancer. Ultrasound (A) of stage IV disease, with invasion of the bladder. MR scan (B) also shows a large 
cavitating mass replacing the cervix and invading the bladder. 


Cervical cancer 

• Second most common gynaecological cancer. 

• New HPV vaccination programme recently instigated. 

• Usually asymptomatic and found on screening. 

• Ultrasound has little or no role in early stage disease. 

• MR scan is the best imaging tool for staging. 

• Ultrasound may detect complications such as hydronephrosis 
and bladder invasion. 

• Surgery reserved for stage I and lla disease. 


Table 36.5 FIGO staging of cervical carcinoma 


Stage 

Description 

1 

Invasive carcinoma confined to cervix 

II 

Extends beyond the cervix, but not to either the 
pelvic side wall or the lower third of the vagina 

lla 

No obvious parametrial involvement 

lib 

Obvious parametrial involvement 

III 

The pelvic side wall or the lower third of the 
vagina are involved 

IV 

Spread beyond the pelvis or involvement of the 
bladder or rectum 



Figure 36.62 Cervical cancer. Transverse T2-weighted MR scan 
through the cervix: there is an intact stromal ring, shown by the 
dark band (arrows) surrounding the greyer central tumour. 


THE VAGINA 


Transrectal or transvaginal ultrasound-guided biopsies can be 
invaluable in confirming recurrent cervical cancer when clinically 
directed biopsies have failed to secure the diagnosis. 107 

Management 

Surgery with or without adjuvant radiotherapy is reserved for stage 
I and stage Ha disease. Stage lib and worse are generally treated 
with radiotherapy. Compromise to the renal tract will require ure¬ 
teric stenting in order to preserve function. 


Most vaginal pathology is assessed clinically but some anomalies 
will be found incidentally at pelvic ultrasound. Counter-intuitively, 
the transvaginal scan is least effective at identifying pathology as it 
is too close to the lesion or the probe may have gone past it before 
the operator starts looking. Transabdominal scans with a full 
bladder or transperineal scans show the vagina best. 

Foreign bodies 


A tampon is clearly seen because of the air it contains. It produces 
a well-defined, reflective linear shape with posterior acoustic 
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shadowing that lies centrally within the vagina. The innermost end 
of the tampon may abut and deform the posterior bladder wall. 108 
Retained tampons or other foreign matter may provoke a vaginitis, 
and present with a bloody discharge. If they become infected a foul 
discharge will result and the toxic shock syndrome may develop. 

A vaginal ring pessary is used in the treatment of prolapse. These 
produce a characteristic appearance on ultrasound. Any cross-sec¬ 
tion of the pessary produces two rounded lesions, each with a dense 
acoustic shadow. Typically, the transverse view of the pelvis will 
show these dense echogenicities laterally in the fornices. Tracing 
these 'masses' around confirms the ring shape of the pessary. 

Gas may be present in the vagina, either as a result of instrumen¬ 
tation or recent sexual intercourse. Vaginal calculi are rare and 
may just be calcification of a retained foreign body. Vaginal 
septa or urinary reflux into the vagina can predispose to calculus 
formation. 

Teflon injection used around the urethral sphincter in the treat¬ 
ment of urinary incontinence shows up as an echogenic amorphous 
mass adjacent to the vagina. 

Fluid-filled vaginal lesions 


Cystic lesions of the vagina are relatively common and usually 
represent benign lesions. A vaginal cyst may be an embryological 
derivative, ectopic tissue or urological abnormality. 109 Hydrocolpos 
arising as a result of an intact hymen or a congenital vaginal septum 
has been discussed earlier in the 'Haematometrium and other 
related conditions' section. There can be associated renal malforma¬ 
tions so the kidneys should always be examined as part of the 
ultrasound scan. Hydrocolpos should not be confused with a small 
amount of free fluid, such as blood during menstruation or urine 
from a fistula or ectopic ureter. A history of persistent wetting 
should lead to the latter diagnosis. Standing the patient up and 
rescanning can also help. 

Gartner's duct cysts are remnants of the embryological mesone¬ 
phric duct 110 and are usually small, often multiple cysts that lie 
within or adjacent to the anterior vaginal wall (Fig. 36.63). Mulle¬ 
rian duct cysts are similarly remnants of the embryological para- 
mesonephric duct system and are usually small and located 
anterolaterally. Both types of cyst can appear identical on ultra¬ 
sound and only histological examination can tell them apart. Occa¬ 
sionally both types of cyst can be sufficiently large to prolapse 
through the introitus. 111 An MR scan is useful to give an overview 
of the anatomy. Both types of cyst are associated with renal anoma¬ 
lies. There are usually no symptoms and the cysts are soft to palpate. 

Dilation of paraurethral glands can produce cysts adjacent to the 
vagina that sometimes compress the vagina. Similarly, paravaginal 



haematomas (most often seen after vaginal delivery) may compress 
the vagina and be mistakenly thought to be intravaginal. Endome- 
triotic implants also occur. 

Solid vaginal lesions 


Fibroids very rarely occur within the vagina and may mimic pro¬ 
lapse. 112 Sometimes pedunculated submucosal fibroids can prolapse 
through the cervix into the vagina. 113 The fibroids display the same 
sonographic features as fibroids anywhere else. Neurofibromas 
occur in the vagina in people with neurofibromatosis. 

Primary vaginal tumours account for only 1-2% of gynaecologi¬ 
cal malignancies, and most are squamous cell carcinomas and occur 
in the elderly. Adenocarcinomas and melanomas are much rarer. 
Tumours present with a vaginal discharge or blood loss. The diag¬ 
nosis is invariably made clinically and confirmed by biopsy. Ultra¬ 
sound shows the tumour as a low-echo mass lying within the upper 
third of the vagina, if it is visible at all. Spread of tumour is similar 
to cervical cancer and may cause hydronephrosis. The main imaging 
modality is MRI, with ultrasound having little if any role to play. 

Rhabdomyosarcoma is the commonest soft tissue sarcoma of 
childhood and 20% will involve the genitourinary tract. In girls, 
most are vaginal in origin, although spread to or from the uterus 
also occurs. A rapidly enlarging mass which may protrude through 
the introitus is associated with vaginal bleeding. Staging with MR 
is the preferred imaging method, although ultrasound initially may 
find the mass incidentally (Fig. 36.64). 


The vagina 

• Transabdominal ultrasound often sees the vagina better than a 
TV scan. 

• Tampons and pessaries have characteristic appearances. 

• Cystic lesions may be due to an obstructed genital tract or due 
to embryological remnants. 

• Reflux of urine into the vagina during voiding may mimic a cystic 
lesion. 

• Solid lesions are uncommon and are usually fibroids or 
neurofibromas. 

• Malignant lesions usually occur in the elderly and account for only 
1-2% of gynaecological malignancies. 

• Most malignancies are usually squamous cell carcinomas, 
although adenocarcinomas and melanomas do occur. The young 
may get rhabdomyosarcoma. 



Figure 36.63 Gartner’s duct cyst. An ovoid cyst is seen arising in the anterior vaginal wall adjacent to the cervix (A) and in close-up (B). 
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Figure 36.64 Rhabdomyosarcoma. The initial ultrasound (A) was thought to show a linear echogenic foreign body, but the MR (B) 
shows that in reality there is a large vaginal tumour with some central necrosis correlating with the echogenic region seen on ultrasound. 
The tumour was proven to be a rhabdomyosarcoma. 
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INTRODUCTION 


Ultrasound-guided interventional techniques all have a common 
theme and the basic principles of biopsy or drainage are universal. 
Chapters 11 and 43 discuss liver and general abdominal interven¬ 
tional procedures. The aim of this chapter is to cover interventions 
specific to female pelvic disease. 


OMENTAL BIOPSY 


Rationale 


Ovarian cancer is best treated by primary cytoreductive surgery 
followed by chemotherapy. Women who present with typical 
imaging findings and an appropriate tumour marker profile of a 
raised CA125 can go straight to surgery without the need for biopsy, 
provided they are fit enough. If the woman is too debilitated to 
undergo primary surgery, then the next best option is for chemo¬ 
therapy and when fit, interval debulking surgery. In this scenario, 
oncologists need to know that the tumour is ovarian before pre¬ 
scribing the chemotherapy regime. A biopsy therefore becomes 
necessary. 1 

Clinical trials are currently in progress to assess if primary chem¬ 
otherapy and interval debulking surgery should become the stand¬ 
ard management of ovarian cancer rather than the traditional 
primary cytoreductive surgery. 

Women may present with peritoneal carcinomatosis, without 
either an obvious pelvic mass or an appropriate tumour marker 
profile. They may have a history of another tumour, such as breast 
cancer. A biopsy becomes necessary to distinguish between primary 
peritoneal carcinoma, and metastases from sites such as breast. 


colon, appendix, pancreas and stomach. 2-4 The treatment of these 
different tumours varies and debulking surgery is contraindicated 
in some. Modern histology techniques, including immunohisto- 
chemistry, allow a site-specific diagnosis to be made in over 90% of 
biopsies taken. 

Seeding of tumour along a biopsy track or into the peritoneal 
cavity is a potential risk, though not one that has been quantified. 
Most reports are anecdotal. However, this perceived risk influences 
practice and routes of access. Consequently, percutaneous biopsies 
are not done in suspected malignancy unless there is already evi¬ 
dence of spread from the primary tumour. Computed tomography 
or MRI should be performed to stage the tumour before considering 
any biopsy. These scans not only stage the tumour but also allow 
planning of the biopsy procedure. 

Method 


The technique of percutaneous ultrasound-guided omental biopsy 
is no different to any other ultrasound-guided technique. The main 
challenge is to identify the abnormal omentum with ultrasound. 
This is easier to do if the site of disease is already known from CT 
or MRI but can still be done even if no prior scans are available. 
The presence of ascites helps to outline omental cake but it is not 
essential. Large omental deposits are identifiable because they 
adopt a sheet-like appearance on both transverse and longitudinal 
imaging (Fig. 37.1). This is in contradistinction to bowel that might 
look sheet-like in one plane but tubular in the other. The omental 
deposits can look bright or dark on ultrasound. Any detectable 
blood flow will have a random distribution rather than the more 
organised pattern seen in the wall of bowel. The highest frequency 
probe that allows visualisation is advised. Many women can have 
their omental disease identified with a linear 8 MHz probe. 

Care needs to be taken to identify adjacent structures to the 
intended omental target so that they can be avoided. Time spent in 
preparation is never wasted and usually ensures the procedure 
goes quickly and smoothly once started. 

The patient needs no preparation. Omental biopsy can be done 
as an outpatient procedure with the patient spending only 30-40 
minutes in the department after the biopsy. It helps if they attend 
with a companion who will take them home. Clotting needs to be 
corrected if the patient has been formally anticoagulated; otherwise 
the use of aspirin is not a contraindication. 

Skin preparation, a sterile drape and local anaesthetic are used. 
A sterile ultrasound-probe cover and a needle guide device are 
advised. Freehand needle guide techniques are possible but in my 
experience take longer both to do and to teach. An 18-gauge auto¬ 
mated cutting needle is best. Studies have shown needle core tech¬ 
niques outperform fine-needle aspiration cytology in diagnostic 
rates without changing the risk of complications. 5 

A small nick in the skin with a scalpel blade and blunt dissection 
with small forceps facilitates passage of the needle through the skin 
and subcutaneous tissues. The needle guide technique requires the 
target to be lined up with the guide lines on the screen (Fig. 37.2). 
The ultrasound probe is then held very still and the needle advanced 
through the guide in a fairly quick movement until it reaches the 










Omental biopsy 





Figure 37.1 Three examples of omental tumour. A: The omental cake is seen as an irregular lumpy sheet within a large pool of 
ascites. The ‘cake’ is still seen as a sheet of tissue whether the probe is held in the transverse or longitudinal plane. B: Less ascites is 
present but it still outlines a sheet of omental tumour (between the callipers). Note that it has a lumpy outline similar to the disease seen in 
A. C: An example of a smaller amount of omental tumour, more adherent to the anterior abdominal wall. 



Figure 37.2 Omental tumour being scanned to plan the route of 
biopsy. A colour Doppler box is used to check there are no large 
vessels in the intended target. The needle guide lines are graduated 
with centimetre marks. This helps to judge where to place the 
biopsy needle and how far the needle will throw on firing. 


Omental biopsy 

• Percutaneous omental biopsy is safe. 

• Imaging-guided biopsy avoids the need for laparoscopic or open 
biopsy. 

• Technique is no different to any other biopsy. 

• Time spent in preparation is never wasted. 


target. The operator needs to ensure that they line up their needle 
with the guide so that when they push, the needle is not forced into 
a bend. The quick advancement of the needle through the guide 
improves visualisation of the tip of the needle. The position of the 
needle tip and the mechanism of firing the cutting mechanism will 
vary between manufacturers. The operator needs to be familiar 
with the needle they are using. 

The core retrieved should be inspected to see if it contains the 
expected firm white tissue that most malignant deposits exhibit. 
The number of needle passes made depends on the quality of the 
specimen. Two good cores are usually enough to allow histology 
and various different immunohistochemistry stains. 

Once the nick in the skin has stopped bleeding and a small dress¬ 
ing has been applied, the woman can sit up. They can leave straight 
away if they wish but most people prefer to sit for half an hour with 
a soft drink before leaving. 
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Complications 


Percutaneous omental biopsy is a very well tolerated and extremely 
safe procedure. No significant complications have been recorded in 
several series. Bowel seems remarkably tolerant to the passage of 
an 18-gauge needle and no descriptions of bowel damage are 
reported. The occasional haematoma is seen (1 out of 90 patients in 
one series). 


TRANSVAGINAL BIOPSY OR 
CYST ASPIRATION 


Rationale 


Masses in the pelvis may be inaccessible percutaneously because of 
intervening bowel, bladder or vascular structures. The transvaginal 
route of access can allow the probe to be positioned directly adja¬ 
cent to the target lesion. The need for a biopsy is usually the same 
as described in the omental biopsy section above. One potential 
advantage of the transvaginal route is that if there is any seeding 
of tumour down the biopsy track it is not upstaging the tumour 
by spreading disease into a different compartment. However, it is 
still best avoided in lesions thought to be confined to the ovary 
(stage I). 6 

Aspiration of simple cysts is neither advised nor needed. 7 It has 
been shown that the rate of resolution of simple cysts is the same 
whether treated with watchful waiting or with aspiration. Cysts 
often recur after aspiration. Endometriomas in particular have a 
high rate of recurrence and are also quite painful to drain. 

Women who are undergoing palliative treatment for peritoneal 
cancer may develop pelvic symptoms due to the local pressure 
effects of a malignant cyst. It is entirely reasonable to offer palliation 
of these symptoms by draining the cyst (Fig. 37.3). 


Method 


Transvaginal biopsy can be done as an outpatient procedure. No 
particular preparation is needed although clotting abnormalities 
require correction. The patient lies in the usual position for a trans¬ 
vaginal scan. Stirrups are not necessary. Some authorities advocate 
vaginal cleansing with povidone-iodine and a course of antibiotics 
as the vaginal route of access is only semi-sterile. However, in my 
own practice, I have found that the use of an antiseptic cream as 
the probe lubricant and no antibiotics has not resulted in any infec¬ 
tive complications in almost one hundred biopsies. 

Some authorities prefer to perform transvaginal biopsies under 
conscious sedation. 8 If this approach is used then fasting for 6 hours 
and adherence to your own institutional guidelines are required. 
Sedation is not essential, however, and in my practice I have found 
it is rarely needed. Careful discussion with the woman beforehand 
and an appropriate reassuring environment usually allow the 
biopsy to take place without undue discomfort. 

A transvaginal transducer with a needle guide attachment is 
essential (Fig. 37.4). It should be possible in most cases to position 
the probe within a few millimetres of the lesion so that there is not 
much more than the vaginal wall for the needle to traverse before 
hitting the lesion (Figs 37.5 and 37.6). Once the target for biopsy is 
identified with due consideration to any intervening structures and 
blood vessels then the probe should be pushed gently but firmly. 
This is to stretch the vaginal wall and make it taut so that the needle 
will puncture it more readily. It is almost impossible to infiltrate 


Transvaginal intervention 

• Transvaginal biopsy is well tolerated. 

• Sedation is not normally required. 

• Draining simple cysts is no better than watchful waiting. 

• Allows access to lesions that cannot be reached percutaneously. 



Figure 37.3 Transvaginal drainage of a malignant cyst to palliate pelvic symptoms. A: The large pelvic cyst clearly has tumour 
nodules around its margin. The transvaginal probe is pushed against the cyst to indent its margin and stretch the vaginal wall. Note that 
the amount of tissue the needle has to pass through to penetrate the cyst is minimal if it travels along the dotted guide line. B: The same 
cyst is shown collapsed and empty after successful transvaginal aspiration of its contents. 









Transvaginal biopsy or cyst aspiration 



Figure 37.4 Transvaginal biopsy. A: An endoluminal ultrasound probe with a probe cover and needle guide attachment. A needle has 
been passed through the guide to show its route of passage relative to the probe. B: A transvaginal scan with the tip of the probe pushed 
into the margin of a cyst to stretch the vaginal wall. A needle has been passed into the cyst. The tip can be seen as a bright echo along 
the dotted needle guide line. 


local anaesthetic adequately and doing so may cause more discom¬ 
fort than just passing the biopsy needle. Generally, the least amount 
of needle manipulation is the most comfortable. A single pass with 
an 18-gauge core-biopsy needle is usually enough to sample a solid 
lesion though most women will allow a second pass if needed. 

If a cystic lesion is being drained, this can usually be achieved 
through a 19-gauge sheathed needle. The needle is placed into the 
lesion using the same technique as described for a biopsy above. 
The metal inner part of the needle is removed and the outer plastic 
sheath left in the lesion. An assistant can then drain the lesion using 
a syringe and some connecting tubing to the back of the sheath. 


Once the biopsy or drainage is done, the woman should be 
warned to expect a little vaginal bleeding not unlike menstrual loss. 
Most women are fit enough to leave the department after half an 
hour. It helps if they attend with a companion. Women who have 
been sedated will need somewhere to recover before they can be 
allowed home. 

Complications 


Complication rates are very low. Most of those described in the 
literature are related to draining endometriomas. 9 
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PELVIC ABSCESS DRAINAGE 


Rationale 


Pelvic sepsis and abscess formation can be due to iatrogenic, gynae¬ 
cological and non-gynaecological causes. Tubo-ovarian, diverticu¬ 
lar, appendiceal and postoperative abscesses are most common. 
Many of these abscesses lie deep in the pelvis and are not accessible 
by percutaneous routes (Fig. 37.7). The transgluteal route may be 
available, but this is a painful and poorly tolerated path; especially 
if a drain is left in place. Endoluminal access either by transrectal 
or transvaginal route should be remembered. 

The transrectal route is inherently non-sterile so should not be 
used to access collections that are not bowel related or which are 
not thought necessarily to be infected. Typically the transrectal 
route would be used to drain diverticular, appendiceal or post- 
bowel-surgery collections. 



Figure 37.5 Transvaginal scan picture of a biopsy being taken 
of a solid nodule at the vaginal vault. 


The transvaginal route is only semi-sterile but forms a better 
route of access to collections that may not be infected. It is typically 
used as a route of drainage for gynaecological tubo-ovarian 
abscesses. It is not used as a route to access bowel-related collec¬ 
tions for fear of creating a colo-vaginal fistula. 

Abscesses that contain a large amount of gas may be invisible to 
ultrasound or at least make differentiating them from bowel loops 
filled with gas difficult. CT scan is a better way of demonstrating 
gas-containing lesions (Fig. 37.8). 


Method 


Review of CT or MR imaging is strongly advised as these scans 
form a reproducible overview of the extent of an abscess and its 
relationships. These scans help to plan the ultrasound intervention. 
All patients who have an abscess should be established on antibiotic 
therapy before any drainage procedure is attempted. 

The preparation and technique of transvaginal needle puncture 
is described in the section above. The woman usually lies supine. 

The transrectal route needs no preparation. Cleansing enemas in 
prostate biopsies have been shown to increase the rates of infection. 
The patient lies on their left-hand side with their knees curled up 
toward their stomach. It helps to have an assistant sit where they 
can be seen by the patient so that they can chat and provide reas¬ 
surance. The transrectal probe should be covered with a condom 
and a needle guide affixed. Ultrasound gel provides lubrication of 
the passage of the probe through the anal canal. The feeling of the 
probe in the anus is often the part of the procedure that patients 
like least, particularly younger people. Remember that the rectum 
angles back toward the sacrum when advancing the probe beyond 
the anal canal. 

Whether the transrectal or transvaginal route is used, the primary 
objective is to identify the abscess. Once found, the best position 
of the probe needs to be determined. It should be possible to posi¬ 
tion the probe so that there is only either rectal or vaginal wall 
between the probe and the lesion. Colour Doppler is used to locate 
and avoid any large blood vessels. Local anaesthetic is not usually 
required and, if given, is difficult to accurately position. 

There are two ways to introduce a drainage catheter: over a 
guide-wire using the Seldinger technique or by direct puncture 
with the drainage catheter. An 8F catheter is usually large enough 
for most abscesses. 



Figure 37.6 A: Rounded serosal tumour deposit on a loop of bowel. B: Transvaginal needle biopsy of the mass - note the bright white 
line from the cavitation artefact caused by firing the needle. A path has been chosen that avoids the bowel lumen. 












Pelvic abscess drainage 




Figure 37.7 Transrectal aspiration of a small presacral 
abscess. A: Pelvic CT scan showing an abscess in front of the 
sacrum. Note that bowel and bladder prevent an anterior 
percutaneous approach to aspiration. A transgluteal approach 
would be possible but this route can be quite painful. B: Magnified 
view of the presacral abscess on CT. C: A transrectal ultrasound 
image showing the same presacral abscess with a needle tip in its 
centre. Only a short distance has had to be traversed for the 
needle to reach the lesion. The ultrasound probe has to be angled 
posteriorly for the lesion to be visualised. 


Figure 37.8 Gas makes abscesses hard to see with 
ultrasound. A: CT scan of a pelvic diverticular abscess containing 
mostly air. B: Transrectal ultrasound scan of the abscess. The gas 
renders the abscess invisible, leaving a only bright shadowing edge 
visible. C: CT scan of a postoperative pelvic abscess containing an 
air-fluid level. This abscess can be drained percutaneously using 
CT guidance. Alternatively, turning the patient so the gas is out of 
the way allows ultrasound to be used for guidance as well. 
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Figure 37.9 Three examples of a guide-wire placed transrectally into an abscess. A: Tumour related abscess. The wire is easily 
visible. B: Post-bowel-surgery abscess. The ultrasound probe is in the residual rectal stump. C: Diverticular abscess. The wire can be seen 
to be curled within the collection. Note that in all three cases the distance from rectum to the abscess is very small. 


The direct puncture technique requires the needle guide to be of 
a large enough calibre to accommodate the catheter. This can be 
achieved by fixing a 'peel-away' sheath to the probe with rubber 
bands rather than using an ordinary needle guide. The path of the 
catheter through this sheath should be verified in a water-bath 
before the operator uses it for the first time on a patient. The cath¬ 
eter used should be chosen for its ability to pass through soft tissues 
without prior dilation and without undue force. The catheter needs 
to be longer than the sheath. Once the probe is in place and the 
abscess lined up with the proposed puncture route, the probe is 
pushed against the abscess to stretch the tissues and allow easier 
puncture. The catheter is advanced into the abscess. The probe and 
the peel-away sheath are then withdrawn, leaving the catheter 
behind. The peel-away sheath has to be peeled away, as its name 
suggests, in order to allow the catheter to pass through it and 
remain behind. 

The guide-wire technique uses the usual proprietary needle 
guide to place a 19-gauge sheathed needle into the abscess. The 
metal needle is withdrawn leaving the outer plastic sheath. A 0.038 
inch J guide-wire is passed into the abscess. This guide-wire is 
easily visible on ultrasound (Fig. 37.9). Once the wire is in place, 
the probe and guide are withdrawn, leaving the wire behind. 
Sequential dilators and then the final catheter can be passed over 
the wire into the lesion. Positioning of the catheter is done by tactile 
impression. It is important to push the dilators and catheter over 
the wire in the direction of the initial needle puncture. This ensures 


Pelvic abscess drainage 

• CT or MR scans help in planning the intervention. 

• Antibiotic therapy must be established before intervening. 

• Transvaginal and transrectal routes are a safe, well-tolerated 
alternative to percutaneous drainage. 

• Empty the abscess completely on first placing the catheter. 


that the wire does not buckle out of the abscess and back into the 
rectum. 

It is my experience that the Seldinger technique is the less painful 
method of introducing a catheter and that conscious sedation is not 
needed (whereas it may be with the one-step direct puncture 
method). 

Once the catheter is in place, the abscess should be aspirated of 
pus until it is empty. This provides immediate relief. Spontaneous 
drainage of an abscess through an 8F catheter is relatively poor and, 
unless the abscess is aspirated to dryness, the catheter may become 
dislodged before the abscess has emptied. A transrectal catheter can 
be expected to become displaced the first time the patient opens 
their bowels. This does not matter provided the abscess was 
emptied. If it re-accumulates despite adequate antibiotic therapy, it 
can always be re-drained. 





Saline infusion hysterography 


Complications 


Theoretically, septicaemic shock, haematoma, haemorrhage and 
damage to adjacent organs are all possible. However, the literature 
does not report any of these events in the absence of blood dyscra- 
sias and if antibiotics have been given. 10-13 


SALINE INFUSION HYSTEROGRAPHY 

Rationale 


This is the instillation of sterile saline into the endometrial cavity to 
act as a negative contrast agent in order to help demonstrate 
endometrial abnormalities. It is a minimally invasive, outpatient 
procedure designed to reduce the need for hysteroscopy. It is done 
as an adjunct to normal transvaginal ultrasound and in a depart¬ 
ment set up to offer the service, only adds 10 or 15 minutes to the 
appointment time for an ordinary scan. Studies on acceptability 
have shown that patients prefer saline infusion hysterography over 
outpatient flexible hysteroscopy. 14,15 

Saline infusion hysterography improves detection of focal 
endometrial abnormalities, polyps and submucous fibroids (Figs 
37.10 and 37.11) and may improve the assessment of depth of inva¬ 
sion in endometrial cancer. 

Some centres have advocated ultrasound-directed endometrial 
biopsy as a way of improving the detection of focal abnormalities 
over a blind pipelle biopsy. 16 Specific sampling devices have been 
designed for use during saline infusion hysterography. 

Method 


Saline infusion hysterography is best done after menstruation and 
within the first 10 days of the cycle. If done during menstruation, 
blood clot may mimic the appearances of a polyp. Later in the cycle 



the cervix becomes less favourable for passage of a cannula. Most 
women will have a standard pelvic ultrasound scan done first, by 
both transabdominal and transvaginal routes. This is to ensure 
there is not some larger pathology or adnexal mass that might be 
missed by concentrating just on the endometrium. 

A sterile catheter is prepared by attaching a syringe filled with 
saline to it and flushing it to expel any air. The saline should have 
been drawn up into the syringe in a slow steady fashion so as not 
to aerate the saline and render it opaque to ultrasound. Special 
hysterosonography catheters are made by several manufacturers; 
these come with a balloon that can be inflated to retain the catheter 
in the uterus and to prevent leakage of saline out through the cervi¬ 
cal os (Fig. 37.12). They are relatively expensive. An alternative is 
to use a simple 6F infant feeding tube (which costs about 15 pence). 
The disadvantage of this is that without a balloon to hold it in place 
it may dislodge and saline might leak so fast through the os that 
the cavity is not distended. Women tolerate the simple tube better 



Figure 37.10 Saline infusion hysterography picture of increased 
endometrial thickness. 



Figure 37.11 Pathology visible on saline infusion hysterography. A: Saline outlines a submucosal fibroid. Note that most but not all 

fibroids appear relatively echo-poor. B: Saline outlines an endometrial polyp. Note that most but not all polyps appear relatively 
echo-bright. 
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than the balloon catheter and it will be successful in 80% of exami¬ 
nations. If not, a balloon catheter can then be placed. 

The woman lies supine, usually with her bottom raised on a 
wedge or pillow. A speculum is advanced into the vagina to allow 
visualisation of the cervix. The cervix is cleaned with povidone- 
iodine. If there are symptoms or signs of vulval or vaginal infection 
the procedure should not be done. The pre-prepared catheter is 
introduced through the cervix into the endometrial cavity. It may 
be necessary to grip the cervix and pull it down in order to straighten 
out the cervical canal and allow passage of the catheter. Occasion¬ 
ally a sound needs to be passed to dilate the cervix prior to catheter 
placement. The speculum is withdrawn, leaving the catheter in 
place. A standard transvaginal ultrasound probe is inserted in order 
to visualise the uterus. A few millilitres of saline are injected into 



the endometrial cavity whilst transvaginal ultrasound images are 
obtained. 

If a balloon catheter is used, it may be necessary to deflate the 
balloon to allow visualisation of the full endometrial cavity. The 
balloon can otherwise obscure endometrial pathology. 

The same technique can be used to instil a positive contrast agent 
to outline the fallopian tubes in women with delayed conception 
(Fig. 37.13). 

Complications 


Ascending infection, intravasation of saline and abdominal cramp¬ 
ing pain are potential complications. 



Figure 37.12 Saline infusion hysterography. A: Longitudinal transvaginal ultrasound view of the uterus. The endometrial cavity is 
distended with saline. The balloon of the catheter is visible in the cavity. B: View of the tip of a hysterography catheter with its balloon 
inflated. 




Figure 37.13 A: Transvaginal ultrasound longitudinal view of a 
proliferative phase endometrium that appears to contain small 
cystic spaces. B: Transverse view of the same uterus with saline in 
the endometrial cavity. The small cyst is proven to be in the 
endometrium. Note the dense acoustic shadow cast by the infant 
feeding tube used as the hysterography catheter. C: Positive 
contrast agents can also be instilled in order to check fallopian tube 
patency. The contrast in the endometrial cavity casts a shadow that 
would obscure any endometrial detail. The contrast does, however, 
reveal the fallopian tube exquisitely. 
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INTRODUCTION 


Specialists in reproductive medicine have come to rely heavily on 
ultrasound imaging, and IVF units incorporate their own dedicated 
ultrasound machines and ultrasonographers. Vaginal transducers 
are used almost exclusively in reproductive medicine because 
the close apposition of the reproductive organs to the vaginal 
fornices enables probes of high frequency and hence higher resolv¬ 
ing power to be used. Serial observations of graafian follicle devel¬ 
opment within the ovary allow functional as well as structural 
assessments. Ovarian and uterine images are used as an aid to 
diagnosis, as a way of educating and counselling patients, and, 
characteristically, as a way of determining the functional response 
to treatment. 

The management of subfertile couples begins with an assessment 
of the expected chances of natural conception given the ages, 
medical history, and lifestyle of both partners. Many couples retain 
an unrealistic expectation of their chances of conception. 

The most informative way to display chances of conception is 
with the use of cumulative pregnancy rates (Fig. 38.1). No couple 
ever has a chance of conception greater than 1 in 3 per month and 
in population studies the chance of pregnancy is on average only 
91% in the first year of trying. 1 Although there is some evidence 
that the incidence of infertility is decreasing in the developed 
world, 2 there is still a huge unmet need for medical services for 
subfertile couples. 1 The definition of infertility is usually taken to 
be lack of conception after one year of unguarded intercourse, 
although such a strict interpretation may not be clinically useful 
and in this chapter the term subfertility will be used to indicate a 
reduced chance of conception compared with what might be 
expected for a couple of given age and lifestyle. 


CAUSES OF SUBFERTILITY 


Subfertility may result from abnormalities in three general areas: 
the ejaculate, the ovulatory process, or pathology within the fallo¬ 
pian tubes and/or uterus. It is common to find a combination of 
these three factors in any one couple and there is also a significant 
proportion of couples for whom no obvious cause can be found for 
their inability to conceive (Fig. 38.2). 

It is possible to use ultrasound as a way of diagnosing ovulation. 
Follicle rupture is said to have occurred if the diameter of the domi¬ 
nant ovarian follicle suddenly reduces to less than half its size 
within 24 hours. 3 However, in order to observe such an occurrence 
frequent scanning is obviously necessary, usually twice daily for 
several days, and hence the technique is limited to research applica¬ 
tions. Moreover follicle rupture may occur without progesterone 
production and progesterone production may occur without follicle 
rupture (a luteinised unruptured follicle). 3,4 

The main diagnostic role of ultrasound is in determining the 
anatomy of the uterus and, in particular, the patency of the fallo¬ 
pian tubes. 

Endometriosis 


The classical ground glass appearance of endometriotic deposits is 
described in detail in Chapter 35 (Fig. 38.3) although it is worth 
mentioning that the majority of endometriosis will not be visible 
with ultrasound. However, small deposits may exhibit acute peri¬ 
toneal tenderness or lead to quite dense fibrosis. Therefore note 
should be taken of areas within the pelvis that are tender to the 
vaginal probe or that do not exhibit the usual tissue compliance. 

The significance of endometriosis from the reproductive point of 
view is far from simple. Endometriosis is common in women with 
normal fertility, but even more common in women with subfertility. 
Extensive deposits can, of course, cause considerable distortion to 
the pelvis or block the fallopian tubes completely. Ovarian endome- 
triomas are thought to interfere with the process of ovulation and 
possibly affect the quality of the oocyte 5 but in the vast majority of 
cases the association between minimal endometriosis and subfertil¬ 
ity remains unexplained. In the only randomised double-blind 
placebo-controlled study to address the problem, 6 laparoscopic 
destruction of minimal endometriosis was shown to improve fertil¬ 
ity in subfertile women, but to nowhere near normal levels and to 
much less than could be achieved by IVF The implication is that 
whatever results in pelvic endometriosis also results in subfertility 
and that treatment of the endometriosis does not eliminate what 
caused it to occur in the first place. It is pragmatic, in the light of 
current knowledge, to place cases of subfertility with minimal 
endometriosis in the 'unexplained' aetiological category. 

The decision as to whether to surgically remove endometriotic 
deposits as part of a programme of fertility treatment is hence 
complex and should be taken on an individual patient basis. The 
ultrasonographer can help by determining the size and exact ana¬ 
tomical location of all deposits, and to determine whether these 
correspond to sites of any pelvic pain. 
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Figure 38.1 Cumulative pregnancy rates for a given population 
and factors which reduce the chances of conception. 


Treat with intrauterine 
insemination or donor 
insemination 


Treat with ovulation 



Figure 38.2 Pathology leading to reduced fertility and the 

treatments used in each case. Each category accounts for roughly 
a fifth of referrals to most clinics. IVF is the treatment of choice for 
more than half of all cases, giving a pregnancy rate in the region of 
1 in 3 for women under 35 years. In order to decide on appropriate 
treatment, ultrasound (or an alternative technique) needs to be used 
to determine tubal patency in all cases except severe male factor, 
when IVF is the treatment of choice regardless of any coincident 
tubal disease. 


Subfertility 

• Some 10% of couples in any population fail to conceive during 
one year of trying. 

• No couple ever has more than a 1 in 3 chance of conception per 
month. 

• Age and lifestyle of both partners are major determinants of 
fertility. 

• A significant proportion of couples have no detectable pathology 
to account for their subfertility. 

• IVF is the most appropriate treatment for over half of the couples 
referred to a tertiary centre with infertility. 

• Ultrasound imaging provides a good opportunity to educate and 
counsel couples about their problem. 


Congenital uterine abnormalities 


Abnormal Mullerian fusion and the multiple possible anatomical 
variants of the uterus that may result are described in Chapter 34. 
Although some congenital uterine anomalies undoubtedly have an 
effect on reproductive outcome by increasing the risk of miscarriage 
or preterm delivery, 7,8 any effect on the chances of conception is 



Figure 38.3 A transverse view through the uterus and an 

adjacent ovarian endometrioma. A HyCoSy is being performed and 
contrast is seen in the distal end of the fallopian tube and spilling 
beneath the ovary. An endometrioma of this size is likely to reduce 
the chances of fertility despite patent fallopian tubes. B, balloon of 
catheter in uterine cavity; E, endometrioma; S, spill of contrast 
medium. 


much more difficult to assess 9 because the anomalies are so 
variable, they are often associated with other pathology which 
might in itself affect fertility and their true prevalence in the 
general population is unknown. Even gross abnormalities such as 
complete uterine and vaginal septum may have little effect on 
fertility, 10 whereas minor anomalies such as arcuate uterus may be 
seen more frequently in subfertile women than in those presenting 
for other reasons. 11 Uterine anomalies are often associated with 
other relevant pathology which can be visualised during an ultra¬ 
sound examination, including renal tract abnormalities and 
endometriosis. 

The detection of uterine anomalies is one of the rare instances 
when the use of 3D ultrasound is a definite advantage. The coronal 
view of the uterus obtained by a 3D vaginal scan enables a clear 
comparison of the left and right sides, a transverse view of the 
fundus, and an appreciation of the shape of the uterine cavity. Such 
a view is particularly useful for the assessment of arcuate anomalies 
and septa (Fig. 38.4). 

The vascularity and relative muscular and fibrous tissue compo¬ 
nents of uterine septa may influence their effect on reproductive 
function, and 3D ultrasound and Doppler assessments of these 
components may be helpful. 12 

Uterine fibroids 


Uterine fibroids are the commonest human tumour, with up to 70% 
of uteri eventually harbouring at least small examples. 13 Many 
women conceive and deliver normally without ever knowing they 
have fibroids, although as the tumours grow with age they are more 
likely to have an influence on the ability to conceive, particularly if 
they are submucous and encroach into the endometrial cavity. 14 The 
quantitative influence of fibroids on natural fertility is difficult to 
calculate but submucous fibroids may reduce pregnancy rates fol¬ 
lowing IVF by up to 70%, 15 even when good quality embryos are 
obtained. The endometrium overlying fibroids is thought to be less 
able to support implantation and it is easy to imagine how a pedun¬ 
culated fibroid could impair implantation by moving around within 
the uterine cavity. 

The visualisation of submucous fibroids is enhanced by introduc¬ 
ing a negative contrast agent such as saline into the uterine cavity 16 
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(Figs 38.5A and B). The exact anatomical location of the fibroid, its 
size, the extent it protrudes into the cavity and the thickness of the 
overlying myometrium are all important when considering whether 
to undertake hysteroscopic myomectomy in order to enhance 
fertility. 17 

Osseous metaplasia of the endometrium 


Osseous metaplasia of the endometrium is a rare condition, often 
occurring many years after a failed pregnancy, but the ultrasound 
appearances are characteristic. Small bony deposits within the 
uterine cavity create a hyper-reflective endometrium 18 with shad¬ 
owing (Fig. 38.6). The cavity is indistensible when saline is injected 


Fibroids 

• Up to 70% of women will develop uterine fibroids. 

• Submucous fibroids lower the chances of pregnancy from IVF by 
70%. 

• Hysteroscopic myomectomy can improve pregnancy rates. 

• Fibroid size, position and overlying myometrium thickness 
determine whether hysteroscopic myomectomy can be 
performed. 

• Saline infusion is essential for precise imaging of intrauterine 
pathology. 



Figure 38.4 Coronal view of a septate uterus generated by 3D 
imaging. Saline has been instilled into the cervix and has filled both 
sides of the uterine cavity. There is no concave depression in the 
fundus (arrow), indicating that this is a septum and not two 
separate uteri. Hysteroscopic removal is therefore relatively simple 
but the advantage for fertility is unproven. 



Figure 38.6 Osseous metaplasia of the endometrium. Note 
the extensive shadowing resulting from the bony deposits within the 
endometrium. An attempt at saline infusion did not distend the 
endometrium and resulted in pain for the patient. First published 
R-ITI copyright RCR. 



Figure 38.5 Submucous fibroid. Longitudinal views of the uterus showing a fundal fibroid (A) before and (B) after the instillation of saline 
into the uterine cavity. Saline infusion enables the fibroid to be seen as totally submucous and therefore comparatively easy to remove 
hysteroscopically. It is also possible to see the indentation created by the fibroid in the posterior endometrium. First published R-ITI 
copyright RCR. 
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and this may result in considerable pain for the patient. Pregnancy 
rarely occurs unless the deposits are removed hysteroscopically. 

Endometrial polyps 


Endometrial polyps are histologically similar to the endometrium 
and retain a little of their hormone sensitivity Their relevance to 
implantation is hence far less than that of a submucous peduncu¬ 
lated fibroid. Nevertheless pregnancy rates in response to treatment 
with intrauterine insemination have been shown to increase after 
hysteroscopic polypectomy in a prospective randomised study. 19 

As for other intrauterine pathology, saline infusion is helpful for 
imaging endometrial polyps (Fig. 38.7) and should be utilised if the 
location and size need to be accurately determined. Polyps adjacent 
to the ostium of the fallopian tube may have a greater effect on 
fertility than those situated elsewhere. 20 Small polyps may only be 
apparent during a single ovarian cycle and therefore surgical 
removal should only be considered if the polyp persists after 
menstruation. 



Figure 38.7 A small endometrial polyp on the posterior wall of 
the uterine cavity delineated by saline infusion. Such a polyp is of 
doubtful significance for fertility. 



Hydrosalpinges 


A hydrosalpinx results when the distal end of the fallopian tube 
becomes occluded by chronic infection. The walls of the fallopian 
tube initially thicken and the tube becomes swollen and oedema- 
tous, but with continued tissue destruction, probably over several 
years, the walls become devoid of muscle and the whole tube 
expands into a retort-shaped bag of fluid (Fig. 38.8B). 

Quite apart from their obvious block to natural conception, hyd- 
rosalpinges lower implantation rates following IVF by 50%. 21 The 
presumed mechanism is the gradual leakage of small volumes of 
hydrosalpingeal fluid through the uterine end of the fallopian tube 
into the uterine cavity where it is embryo toxic and/or interferes 
with implantation. Either placing a clip on the fallopian tube adja¬ 
cent to the uterus or removing the tubes completely at laparoscopy 
restores IVF pregnancy rates to those that would be expected in 
women without hydrosalpinges. 22 An alternative approach is to 
aspirate the hydrosalpinx under ultrasound control at the time of 
oocyte capture. 23 

Hydrosalpinges are usually easy to identify with ultrasound (Fig. 
38.8A). Their fluid content and hence their size may vary through¬ 
out the menstrual cycle and occasionally they may only become 
apparent during ovarian stimulation, when serum hormone levels 
are particularly high. If the fallopian tube expands into a hydros¬ 
alpinx when contrast is injected during HyCoSy (see below), there 
is a high risk of stimulating a recurrence of the pelvic infection and 
antibiotics should be prescribed. 

Polycystic ovaries and PCOS 


Polycystic ovarian syndrome (PCOS) is a poor term for women who 
have a particular ultrasonic appearance of their ovaries and disor¬ 
dered ovarian physiology, probably as a consequence of disordered 
carbohydrate metabolism, which can be recognised as insulin resist¬ 
ance. Such women may suffer with obesity, oligomenorrhoea, 
hirsutism and a number of long-term health risks such as cardiac 
ischaemia, type 2 diabetes and uterine carcinoma. Although the 
typical ovarian appearance of multiple small antral follicles 
arranged peripherally in an enlarged ovary with abundant stroma 
(Fig. 38.9) is one of the diagnostic criteria for the syndrome, other 
criteria must also be present for the diagnosis. 24 

There are many women whose ovaries appear polycystic but 
who do not have the syndrome. 25 However, such an ovarian appear¬ 
ance in an otherwise asymptomatic woman may not be without 



Figures 38.8 Hydrosalpinges, how they typically appear (A) ultrasonographically and (B) at operation. First published R-ITI copyright 
RCR. 
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Figure 38.9 An ovary showing characteristic polycystic 
morphology: a volume greater than 10 cm 3 , more than 12 follicles 
(11 seen in this plane) of less than 10 mm diameter situated 
peripherally (the so-called ‘ring of pearls’) around an increased body 
of stroma of increased echogenicity. 


Polycystic ovaries 

• Polycystic ovary morphology includes: 

• an ovarian volume of greater than 10 cm 3 

• at least 12 follicles of less than 10 mm diameter 

• a third of the volume is made up of stroma 

• the stroma appears hyper-reflective. 

• Women with polycystic ovaries do not necessarily have the 
polycystic ovary syndrome. 

• Not all polycystic ovaries are anovulatory. 

• Women with polycystic ovaries are more likely to suffer ovarian 
hyperstimulation syndrome when stimulated to ovulate. 


significance as the response to ovulation induction may be exagger¬ 
ated and risk ovarian hyperstimulation (see below). The 'cysts' are 
functioning small antral follicles and can be stimulated to develop 
by fertility treatment. 

The precise definition of what constitutes a polycystic ovarian 
appearance has changed over the years as ultrasound resolving 
power has increased. Current consensus 26 requires either ovary to 
have 12 or more follicles of less than 10 mm diameter or an increased 
ovarian volume of greater than 10 cm 3 . Polycystic ovaries may 
ovulate, albeit intermittently, and a transient preovulatory follicle 
or a corpus luteum may temporarily enlarge the volume measure¬ 
ment and hence necessitate a second assessment in the early follicu¬ 
lar phase if the diagnosis is in doubt. 

Polycystic ovaries also have other distinguishing features. More 
than a third of their volume is stroma. 27 This increased stroma is 
the feature which primarily distinguishes polycystic ovaries from 
the multifollicular appearance seen during puberty and in hypotha¬ 
lamic amenorrhoea, 28 and appears to be functionally relevant as its 
volume correlates with serum androgen concentrations. 29 The 
stroma of a polycystic ovary may appear more echogenic than 
normal (normal is said to be less than that of the myometrium), 
probably as a result of increased vascularity and enhancement from 
the fluid in the surrounding small follicles. 



Figure 38.10 HyCoSy. This is a transverse view across the 
uppermost part of the endometrial cavity with the positive contrast 
medium Echovist in both cornual regions. Echovist can be seen to 
pass down the left fallopian tube, which is uncharacteristically 
straight, but no flow was seen on the right side for several minutes 
as the tube was in spasm. 


HYSTEROSALPINGO-CONTRAST 
SONOGRAPHY FOR TUBAL PATENCY 

The lumen of the fallopian tubes is extremely narrow, being 
only 1 mm diameter at its intramural part, where it passes 
from the endometrial cavity through the myometrium. In the non- 
pathological state there are no fluid interfaces to demarcate the 
tube and it is completely undetectable by unaided ultrasound. 

Although a negative contrast medium is used to delineate the 
uterine cavity, a positive contrast medium is far superior for dem¬ 
onstrating the fallopian tube lumen. A supersaturated solution of 
galactose (Echovist, Bayer Schering Plough) was licensed for 
HyCoSy for many years and virtually all previously published 
work refers to its use, but it is no longer manufactured. The sulfur 
hexafluoride contrast agent SonoView (BRACCO) is now widely 
used although not currently licensed for HyCoSy. Positive contrast 
agents function because they contain microbubbles, hence they 
need to be freshly constituted immediately prior to use and become 
inactive within a short period of time. Their acoustic properties 
depend to a large extent on the size of the microbubbles. 

The technique of hysterosalpingo-contrast sonography is usually 
abbreviated to HyCoSy. The technique consists of a baseline vaginal 
scan followed by the insertion of an intrauterine catheter and the 
gentle instillation of low volumes of contrast agent. 30 The fallopian 
tubes take up the agent by capillary action and it can be seen to pass 
along healthy tubes with the minimum of pressure (Fig. 38.10). 

HyCoSy has good concordance with other tests of tubal patency 
although it is usually regarded as a screening test, with laparoscopy 
and dye as the gold standard. Screening is positive when contrast 
cannot be seen to pass through one or other of the tubes and in these 
circumstances a decision needs to be made as to whether to perform 
a laparoscopy to confirm the diagnosis of tubal obstruction. The 
sensitivity of HyCoSy screening is very high, approaching 100%, 
because the passage of contrast down the tube is distinctive and 
therefore if it is seen the tube is patent. 31 The specificity, however, 
is in the region of only 80% because the passage of contrast can be 
masked by bowel gas or just difficult to see in a tortuous tube. The 
predictive value of a screening test depends on the prevalence of 
the condition it is designed to screen for. Hence, if all subfertile 
referrals were to be screened, up to a third of tubes thought to be 
occluded by HyCoSy will in fact be patent. Nevertheless many 
unnecessary invasive laparoscopies can be avoided by HyCoSy 
screening and therefore the UK National Institute for Health and 
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Figure 38.11 Results of HyCoSy and allied procedures in 

subfertile women over an 8-year period in the author’s unit in Hull. 
All HyCoSy procedures were performed by unaided ultrasonographers. 
No analgesics other than non-steroidals were necessary and there 
were no cases of cervical shock. SIS, saline infusion sonogram. 


HyCoSy 

• There is grade A evidence that HyCoSy is the investigation of 
choice for all otherwise asymptomatic subfertile women. 

• HyCoSy has the sensitivity to detect virtually all cases of fallopian 
tube occlusion. 

• About two-thirds of the fallopian tubes that cannot be shown as 
patent using HyCoSy are truly occluded. 

• A learning curve of up to 50 procedures may be necessary for 
those who do not have previous experience of vaginal scanning. 

• If the semen analysis is abnormal tests of fallopian tube patency 
are unwarranted as IVF will probably be necessary even if both 
tubes are patent. 

• Fallopian tubes may be diseased even if they are not occluded. 


Clinical Excellence, NICE, recommends HyCoSy as the first-line 
investigation for tubal patency assessment in otherwise asympto¬ 
matic women. 32 

The procedure may be uncomfortable, particularly if larger 
volumes (>5 mL) or undue pressure is used, but in our unit more 
than 1000 procedures were performed over the first 8 years of our 
HyCoSy programme without the need for narcotic analgesia or any 
sort of resuscitation (Fig. 38.11). Pain may be reduced by warming 
the contrast medium 33 although this will reduce the time over 
which the medium is stable and effective. Salpingitis following the 
procedure is rare but the use of prophylactic antibiotics is 
recommended. 

Fallopian tubes are muscular and can go into spasm for several 
minutes, effectively occluding the tube to the passage of contrast 
medium. A positive screen is defined as when a tube cannot be 
demonstrated as patent over a 5-minute period. 30 Some practition¬ 
ers advocate the use of intravenous anti-spasmodics such as hyos- 
cine but this is no more effective than merely waiting patiently for 
any spasm to recede. 

Fallopian tubes are mobile and can twist and turn in their anatomi¬ 
cal path from the uterus to the ovary so the vaginal probe may need 
to be angled and rotated in order to follow the contrast medium and 
it may not be possible to show more than a short length of tube at 
any one time. Doppler or 3D techniques can be employed but add 
little, if anything, to the diagnostic ability of the procedure, although 
3D recordings have an advantage for retrospective reporting and 
demonstration purposes (Fig. 38.12). Several groups have criticised 
HyCoSy, either because of poor results or because of significant pain 
during the procedure. These instances may have been the result of 



Figure 38.12 3D coronal view of uterus with the positive 
contrast medium Echovist in the uterine cavity. Contrast could be 
seen to pass into both fallopian tubes but it is not possible to show 
the main part of the cavity and the origin of both fallopian tubes in 
the same plane. Hence only the left tube is shown. The balloon of 
the catheter is situated in the cervix. 


inadequate training because the learning curve is shallow and an 
experience of up to 50 procedures 30 may be required before consist¬ 
ently reliable reports can be obtained from those who do not previ¬ 
ously have experience of vaginal scanning. 

Semen analysis should precede any assessment of fallopian tube 
patency because an abnormal ejaculate might necessitate IVF 
regardless of tubal status and hence tubal investigation becomes 
irrelevant. It should also be appreciated that just because a fallopian 
tube is shown to be patent it is not necessarily completely healthy. 
The delicate endosalpinx can be damaged by infection without the 
tube becoming blocked. 


SCANNING THROUGH AN IVF CYCLE 


During an IVF and embryo transfer (ET) cycle ultrasound is used 
to check for downregulation, to follow the response of the ovary to 
superovulation and then to facilitate both oocyte capture and 
embryo transfer. 

Downregulation 


During an IVF cycle the pituitary gland must be inhibited from 
delivering an luteinising hormone (LH) surge, which would result 
in premature luteinisation. This can be achieved by administering 
either superagonists or antagonists of gonadotrophin-releasing 
hormone (GnRH). If superagonists are used the gland is initially 
stimulated for several days in the luteal phase, and a check must 
be made that ovarian activity has ceased before superovulation can 
commence. The first scan in an IVF/ET cycle therefore checks that 
all the antral follicles within the ovary are small (<9 mm) and that 
the endometrium is thin (<5 mm). 
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A record of the antral follicle count at this time can be used to 
predict the probable number of oocytes which will be obtained 
during the cycle 34 and help to decide on the initial dose of follicle- 
stimulating hormone (FSH). Antral follicle counts reflect the number 
of oocytes remaining in the ovaries (the ovarian reserve) and hence 
the likely response to treatment and the likelihood of an early 
menopause. 35 

Follicular development 


Ovarian follicular development during superovulated IVF treat¬ 
ment is stimulated by FSH injections. Once a cohort of follicles has 
emerged their growth is usually about 2 mm diameter every 24 
hours. Ultrasound is used to determine the number and size of all 
follicles. In a superovulated ovary with as many as 10 follicles of 
different sizes crammed together, follicle shape is rarely spherical 
and a standard measure of size is necessary. Although linear meas¬ 
urements can be performed in all three planes or volume measure¬ 
ments determined by 3D imaging, this can be difficult and 
time-consuming and a reproducible standard is the mean follicle 
diameter as determined by the mean of the longest diameter and 
the diameter at right angles at the midpoint of the first measure¬ 
ment (Fig. 38.13). Serum oestradiol can be measured at intervals but 
is proportional to follicle growth (most precisely to the sum of the 
squared diameters because oestradiol must defuse out through the 
follicle basement membrane and diffusion is dependent on area) 
and hence adds little to the decisions which need to be made about 
FSH dose and the timing of the ovulatory trigger. A recent Cochrane 
review has not shown any improvement in pregnancy rates by 
adding routine serum oestradiol monitoring to ultrasound follicle 
monitoring. 36 

Patients progressing through IVF treatment often find the process 
stressful. 37 The ultrasonographer has an opportunity during the 
scanning sessions to provide support and counselling. This oppor¬ 
tunity should not be missed. The male partner should be present 
during the scans. An explanation of the images and of the physio¬ 
logical processes taking place add to a couple's knowledge and 
understanding. 

An ovulatory trigger in the form of human chorionic gonado¬ 
trophin (hCG) or LH is given when the majority of follicles are 
thought to be mature, usually when the lead follicle is about 20 mm 
diameter, so as to finalise the maturation of each oocyte ready for 
fertilisation. 



Figure 38.13 Image of a superovulated ovary showing the 
characteristic cartwheel appearance and multiple measured follicles. 
V, iliac vein. 


The average number of oocytes harvested during a superovu¬ 
lated IVF cycle is about 10 or 11, but especially in younger women 
or in women with polycystic ovaries many more large antral folli¬ 
cles may develop and serum oestradiol levels may rise to 20 or 30 
times the values seen during a spontaneous ovulatory cycle. It is 
important to recognise such an over stimulated ovary as early as 
possible because when the ovulatory trigger of hCG is given it can 
result in ovarian hyperstimulation syndrome (see below). There is, 
however, no precise definition of when an ovary is over-stimulated 
and risks of hyperstimulation syndrome must be carefully assessed 
in each case. The ovulatory trigger is withheld and the treatment 
cycle abandoned if more than a certain number of follicles develop 
and the risk of hyperstimulation syndrome becomes too high. An 
alternative approach is to 'coast' the ovary by continuing down- 
regulation whilst omitting FSH for several days. 38 The serum oestra¬ 
diol may be a slightly better predictor of the risk of hyperstimulation 
syndrome and coasting is usually continued until oestradiol levels 
fall below an agreed threshold, usually about 10000 pmol/L. 

Ultrasound is also used to monitor ovulation induction in treat¬ 
ment cycles other than IVF, where the aim is to achieve conception 
by means of natural intercourse or intrauterine insemination. In 
these cases there is a risk of a multiple gestation if more than one 
pre-ovulatory sized follicle develops and so the assessment of fol¬ 
licle size and number is critical. Follicles greater than 14 mm in 
diameter are capable of ovulating viable oocytes leading to preg¬ 
nancy 39 and if several such follicles develop it is necessary to with¬ 
hold the ovulatory trigger and any further treatment, and for the 
couple to refrain from intercourse until the follicles regress. 

Oocyte capture 


Vaginal ultrasound with conscious sedation is by far the most 
common method of harvesting mature oocytes for IVF. Previous 
ultrasound approaches have been transvesical, perurethral and 
transcutaneous directly into the peritoneal cavity. These approaches 
may occasionally be necessary with ovaries congenitally or surgi¬ 
cally displaced within the peritoneum. The procedure can also be 
performed under general anaesthesia if necessary. 

A single or, more usually, double lumen needle is passed through 
a guide attached to the vaginal probe, through the lateral fornix of 
the vagina, through the peritoneum and into the ovary, its path 
indicated by a computer-generated line on the display (Fig. 38.14). 
The antral fluid of each follicle is aspirated and immediately 


Figure 38.14 Oocyte capture. The superovulated ovary lies 
adjacent to the iliac vein and is seen actually indenting its wall. The 
iliac artery is seen beneath the vein. The oocyte capture needle has 
followed its projected path (the dots are 1 cm apart) and would 
now lie within the vein if it were not for the ovary. The tip of the 
needle is indicated with an arrow. 
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examined microscopically to identify the oocyte encased within its 
cumulus of granulosa cell. The antrum may need to be flushed with 
culture medium several times to obtain the oocyte. 

There are several ways in which the quality of oocytes captured 
during IVF may be predicted. Oocytes from follicles less than 
10 mm diameter are more likely to be immature and less likely to 
fertilise. Power Doppler can be used to visualise the neovascularisa- 
tion around the follicle. Oocytes may be of a higher quality and 
more likely to lead to pregnancy if the vascularity extends around 
all four quadrants of the follicle. 40 In practice this is rarely per¬ 
formed because pregnancy can occur from oocytes from relatively 
poorly vascularised follicles so the measurement does not influence 
clinical decision. 

Considering the adjacent bowel and blood vessels (Fig. 38.14) and 
the fact that the vagina is not disinfected prior to the procedure, it 
is reassuring that complications following vaginal oocyte capture 
are remarkably rare, being quoted as 0.42%. 41 Pelvic infection may 
occur, sometimes delayed for several days after the procedure, 
more commonly after an endometriotic cyst or hydrosalpinx has 
been drained at the same time and hence these procedures are best 
performed on a separate occasion. 


Embryo transfer 


Oocytes are fertilised in vitro and transferred through the cervix 
into the uterine cavity as a two- to eight-cell embryo 2 or 3 days 
later or as a blastocyst 5 days later. The technique of embryo trans¬ 
fer has a major influence on outcome and hence ultrasound has 
been utilised to try to minimise uterine stimulation and ensure 
correct embryo placement near the fundus. 

There is ultrasound evidence to demonstrate why the technique 
of embryo transfer is so critical. Time lapse ultrasonic video imaging 
has shown that any uterine stimulation, such as touching the fundus 
with the embryo catheter or attaching a tenaculum to the cervix, at 
the time of ET is associated with an increase in uterine junctional 
zone contractions, 42 which can either expel embryos through the 
cervix or force them up into the fallopian tubes. 43 Such fallopian 
relocation probably occurs quite commonly after ET as some 4% of 
IVF pregnancies are tubal ectopics. An interesting historical note is 
that the first ever IVF pregnancy, before Louise Brown, was ectopic. 
Uterine junctional zone contractions have been shown to correlate 
inversely with the chances of successful implantation. 44 

Transvesical views can be used to watch the transcervical cath¬ 
eter deliver the embryos. The embryos are held within the catheter 
by two air bubbles which can be seen in the uterine cavity after the 
embryos have been expelled (Fig. 38.15). It is also possible to see a 
small vortex of fluid at the moment the embryos are expelled from 
the catheter. Whether it is helpful to perform ET under ultrasound 
control or not is controversial. Some publications have shown that 
such ultrasound guidance can increase implantation rates but a 
large prospective double-blind carefully controlled study has 
shown no effect, 45 at least not when ultrasound guidance is used 
routinely. It may be that if a careful assessment of uterine cavity 
length and direction is undertaken early in an IVF cycle (often 
referred to as a 'mock ET') then in straightforward cases no further 
advantage is obtained by ultrasound-guided ET. 

Difficult cases, where the cervical canal is tortuous, may still 
require transabdominal ultrasound guidance, and, in a small 
number of cases, cervical pathology necessitates the transmyome- 
trial transfer of embryos directly through the uterine wall. For 
transmyometrial transfer a needle guide similar to that used for 
oocyte capture is attached to the vaginal probe and a single lumen 
needle is introduced through either the anterior or posterior uterine 
wall depending on whether the uterus lies in an anteverted or ret- 
roverted position. The embryos are then transferred through the 
needle into the uterine lumen (Fig. 38.16). Not surprisingly this 
method of transfer is associated with increased junctional zone 
contractions. 46 



Figure 38.15 Longitudinal view of a uterus after embryo 
transfer. Note the thickened, homogeneously echogenic 
endometrium of the luteal phase and the two air bubbles, which 
have been introduced with the embryos, situated in the correct 
position 1 cm from the fundus. The superovulated ovary can be 
seen behind the uterus. A nabothian follicle is also seen within the 
cervix. 



Figure 38.16 Transmyometrial embryo transfer. A needle has 
been passed through the wall of the uterus into the endometrial 
cavity. The tip is marked with an arrow. Note the large ovarian 
follicles behind the uterus which have refilled since their aspiration 
at the time of oocyte capture. 


Power Doppler studies of the neovascularisation and blood flow 
within the endometrium have been used to try to predict the 
chances of implantation in much the same way as they have been 
utilised to predict oocyte quality by measuring perifollicular blood 
flow. Ng et al. 47 studied the endometrium at the time of oocyte 
capture and found the more usual endometrial measurements 
(thickness, volume, echogenic pattern) to be non-predictive of 
implantation but endometrial vascular indices - resistive index (RI), 
vascularisation index (VI) and vascularisation flow index (VFI) - to 
be predictive of a favourable outcome. Currently these measure¬ 
ments do not have a clinical usefulness as there are no ways to 
increase endometrial vascularity, or indeed endometrial receptivity 
in general. 48 
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Figure 38.17 Ovarian hyperstimulation syndrome. 


IVF 

• Polycystic ovarian morphology predicts an increased risk of 
ovarian hyperstimulation. 

• Antral follicle counts performed at downregulation correlate well 
with final number of oocytes obtained. 

• Ultrasound monitoring of follicle growth is not aided by additional 
routine serum oestradiol measurements. 

• Routine ultrasonically guided oocyte capture is safe and easily 
achievable under conscious sedation. 

• Routine embryo transfer is not aided by ultrasound control if a 
mock embryo transfer has been performed. 


Table 38.1 Classification of severity of OHSS (modified to 
expand on the ultrasound features from Royal College of 
Obstetricians and Gynaecologists green-top guideline 
number 5. September 2006) 


Ultrasound 


Classification 

features 

Other features 

Mild 

Ovarian volume 

Abdominal 


<8 cm 3 

bloating 


Free fluid in pelvis 

Mild abdominal 
pain 

Moderate 

Ovarian volume 

Moderate 


8-12 cm 3 

abdominal pain 


Fluid in pelvis, 
elsewhere in 
abdomen and 
around kidneys 

Nausea ± vomiting 

Severe 

Ovarian volume 

Clinical ascites 


>12 cm 3 

Pleural effusion 


Fluid in pelvis, 

Oliguria 


elsewhere in 

Haematocrit >45% 


abdomen, around 
kidneys and in 
pleural cavity 

Plypoproteinaemia 

Critical 

Ovarian volume 

Tense ascites 


>12 cm 3 

Large pleural 


Abundant fluid in 

effusion 


pelvis, elsewhere 

Haematocrit >55% 


in abdomen, 

White cell count 


around kidneys 

>25 000/m L 


and in pleural 

Oliguria 


cavity 

Thromboembolism 
Acute respiratory 
distress syndrome 


Ovarian hyperstimulation syndrome (OHSS) 


Ovarian hyperstimulation syndrome is very rarely seen except in 
superovulated treatment cycles, almost always IVF, and can only 
develop after an LH surge or hCG trigger. The quoted incidence of 
the clinical syndrome varies from 1% to 10%, although most women 
who undergo superovulation have some symptoms of a more 
minor degree. The syndrome is characterised by nausea and vomit¬ 
ing, abdominal distension, fluid retention, ascites and oliguria. 
There is a risk of breathlessness because of pleural effusions, venous 
thromboembolism because of haemoconcentration and renal failure 
because of reduced renal blood flow. Deaths have been reported 
but are rare. 49 

Hyperstimulation is more common in younger women and in 
women with polycystic ovaries. Recognising women at risk and 
taking action to prevent OHSS, such as coasting or abandoning the 
cycle of treatment, is preferable to managing the syndrome once it 
has developed. 

The syndrome is classified into mild, moderate or severe 50 with 
the classification depending in part on the ultrasound appearances 
(Fig. 38.17), principally the degree of ovarian enlargement (Table 
38.1). Intraperitoneal fluid can be seen in the pelvis and around the 
kidneys and in severe cases there is pleural effusion. Management 
is basically supportive but depends on the severity. 

Since the syndrome is triggered by hCG and continued hCG 
injections, when administered to maintain the luteal phase, make 
the symptoms more severe, it seems appropriate to abandon 
embryo transfer if the diagnosis of OHSS has been made before this 
point so as to prevent any hCG secretion from a resulting preg¬ 
nancy. The embryos can be cryopreserved and transferred at a later 
date. There is, however, no evidence that such a regimen modifies 
the clinical course of the condition. 51 
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Ultrasound in the first trimester of pregnancy has come a long way 
from the first reports of Cacciatore et al. 1 to the present day Not 
only does transvaginal ultrasound have the central role in diagnosis 
of first trimester problems but it is now involved in: 

1. providing patients with choice in terms of therapy, frequently 
safely facilitating a wait and see policy 

2. providing prognostic information on the likely outcome of a 
pregnancy 

3. monitoring of methotrexate therapy in cervical, caesarean scar 
and interstitial ectopic pregnancies. 

It is universally acknowledged that ultrasound has transformed 
the first trimester, providing knowledge and insight for physicians 
and parents alike into the embryology and physiology of a preg¬ 
nancy Some cautions must be sounded. The demands from doctors 
and parents have led to a rapidly expanding service; however, the 
quality of this service must not be compromised and must comprise 
the following: 


1. Properly trained, accredited and dedicated staff, following a 
training programme that is recognised and regulated. 

Training must be continuous and must be audited. 

2. High quality equipment that is properly maintained and 
replaced. 

3. Properly constructed departmental guidelines and protocols, 
which should reassure and inspire confidence in both service 
providers and patients. 

The use of transvaginal ultrasound has resulted in some unex¬ 
pected side effects: 

1. Loss of reassurance. A transvaginal scan can often detect a 
heartbeat in an embryo when it measures only 2 mm in size. 
However, the natural loss rate of very early embryos means 
that detecting a heartbeat so early is not as reassuring as 
expected. 

2. An entirely new diagnostic concept: the pregnancy of 
unknown location (PUL). This is proving costly financially 




The normal first trimester 


and is increasing workload. As a consequence this is 
producing increased stress and anxiety for staff and parents 
alike. 

The best scan is the scan performed to a high standard to answer 
a specific clinical question by properly trained ultrasound person¬ 
nel. Whilst some uncertainty will always exist, this should not be 
uncertainty generated by poor technique, substandard knowledge 
or poor understanding of natural processes. With such a wonderful 
technique available to us, opening insights on a very remarkable 
process, we must first do no harm. The greatest concern relating to 
ultrasound safety comes not from the physical ultrasound process 
but from the use of the technique in unsafe hands. 


TRANSVAGINAL SCANNING IN EARLY 
PREGNANCY 


The first trimester of pregnancy is the time interval between the last 
menstrual period and the end of the twelfth completed week of 
gestation. 

It was Sir Ian McDonald who described the first 12 weeks of 
pregnancy as the most 'crucial period of existence'. 2 It is not only a 
very dynamic phase of development but also an emotionally 
charged time with a high complication and loss rate. 

The advent of high-resolution transvaginal ultrasound has 
enabled the anatomy and physiology of the human fetus and the 
adnexae to be visualised from as early as the third week post 
implantation. 3 As transvaginal scanning produces accurate images 
of the early gestational sac and its contents, it has provided clues 
to the epidemiology and pathophysiology of early pregnancy 
failure. Ultrasound has changed the medical approach to early 
pregnancy failure. 


THE NORMAL FIRST TRIMESTER 


Normal sonographic pregnancy 
development 


The primary objective of transvaginal scanning in early pregnancy 
must be to be accurate. Characterisation of normality is of funda¬ 
mental importance. Knowledge of the typical ultrasound appear¬ 
ances of normal early pregnancy and a good understanding of 
the pitfalls is essential for the diagnosis and management of early 
pregnancy failure. 

It is fortunate that the development of a normal pregnancy occurs 
in a very predictable manner. 4 Every stage of development may be 
characterised by threshold and discriminatory levels. 5 These levels, 
in association with beta human chorionic gonadotrophin ((3-hCG) 
levels, predict what should or should not be seen on ultrasound 
scan. The threshold level is the earliest age at which we would 
expect to see a pregnancy reach a certain sonographic milestone. 
The discriminatory level is that age at which failure to detect a 
certain biological landmark on ultrasound is not consistent with 
normal development and is therefore evidence of pregnancy failure. 
It is important to recognise and understand the sequence of 


Table 39.1 Normal stages of early pregnancy 
development as visualised sonographically 

1. Thickening of the endometrium 

2. Appearance of the gestation sac 

3. Appearance of the yolk sac (to include development of the 
membranes) 

4. Appearance of the embryo 


sonographic embryology (Table 39.1). Without knowledge of the 
normal sequence of events and biological variation, the diagnosis 
of first trimester pathology is not possible. 

Thickening of the endometrium 

The first, quite non-specific, sign of early pregnancy is thickening 
of the endometrium to approximately 17 mm in true anteroposte¬ 
rior sagittal dimension (Fig. 39.1). The differential diagnosis for this 
finding includes: 

1. late luteal phase of a normal cycle 

2. very early ectopic gestation. 

The intra-decidual sign has been reported within the homo¬ 
geneously thickened endometrium. This is a highly reflective area 
within the thickened endometrium which is thought to represent 
the early implantation site. 6 This is very difficult to demonstrate and 
is therefore an unreliable finding. 

Appearance of the gestation sac 

The gestation sac is first seen as a tiny hypoechoic chorionic fluid 
collection within the thickened endometrium. The earliest a tiny 
gestation sac can be seen is approximately 4 weeks 4 days gesta¬ 
tional age when it is only 2-3 mm in size (Fig. 39.2)7 

The size of the gestation sac is quantified by the mean gestational 
sac diameter (MGSD). In the very early stages when the sac is 
round, a single chorionic margin to chorionic margin measurement 
will suffice. Once the sac is ovoid the measurement must be the 
mean of the three orthogonal measurements, each one taken from 
chorionic margin to chorionic margin of the gestational sac with the 
transverse measurement only taken from the transverse plane (Fig. 
39.3). 8 The MGSD is an adequate estimation of gestational age in a 
normally developing pregnancy. The normal gestational sac grows 
at 1.1 mm per day. 

At first, the gestation sac simply looks like a fluid collection 
within the endometrium. This is a non-specific sign of which there 
are other causes (Table 39.2; Figs. 39.4, 39.5). Recognition of the true 
gestation sac at this stage is dependent on subtle features of the sac 
itself (Table 39.3; Figs 39.6, 39.7). The appearance of the yolk sac and 
then the embryo confirms the intrauterine collection as a true sac. 

The central endometrial cavity echo is formed by opposing 
margins of the endometrial lining. The true sac implants within the 
endometrium on one or other side of the central endometrial cavity 



Figure 39.1 Homogenous thickening of the endometrium to 
17 mm. 
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Figure 39.2 A tiny 4 week gestation sac (white arrow) only 2 to 
3 mm in size accentuated by a large sub chorionic haematoma 
(black arrow). 



Figure 39.3 Measurement of the mean gestational sac diameter 
(MGSD). 


Table 39.2 Causes of fluid within the endometrial cavity 

1. Pseudo-sac of an ectopic gestation (Fig. 39.4) 

2. Endometritis 

3. Endometrial cyst (Fig. 39.5) 

4. Haematoma 


Table 39.3 Features of a normal intrauterine gestation 
sac when first seen at 2-3 mm in size at a gestational 
age of 4-4.5 weeks 

1. Eccentric to the endometrial echo (Fig. 39.6) 

2. Double decidual sac sign (Fig. 39.6) 

These first 2 features are the most reliable 

3. Round or oval in shape and is located in the fundal or 
midportion of the uterine cavity (Fig. 39.7) 

4. It has a well-defined complete decidual reaction >2 mm 
(Fig. 39.7) 



Figure 39.4 Pseudo sac of an ectopic pregnancy (arrow) 
which is simply fluid within the central endometrial cavity. 



Figure 39.5 Endometrial cyst. 



Figure 39.6 Demonstrating the position of the sac eccentric to 
the endometrial echo (single arrow) and the double decidual sac 
sign (double arrow). 
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Figure 39.7 Well-defined complete decidual reaction >2 mm 

surrounding a normal round gestation sac. 


Figure 39.8 Diagrammatic illustration of what is visualised on 
ultrasound. The purple oval is the myometrium of the entire 
pregnant uterus. The pale blue oval is the thickened endometrium/ 
the decidual layers of the pregnant uterus. The thin black line 
represents the central endometrial cavity echo. The orange circle is 
the gestation sac which is eccentric to the central endometrial echo 
and which has two decidual layers surrounding it. 


echo. 9 A positive double decidual sac sign confirms a normal 
intrauterine pregnancy (Fig. 39.8). 10 The absence of this sign does 
not rule out an intrauterine gestation but suggests the existence of 
an abnormality. 

There are important pitfalls and normal variations to the classic 
sonographic diagnostic criteria of the true gestation sac, not only in 
terms of shape but also in its location. An over-distended bladder 
will distort the sac when visualised on the transabdominal approach 
and fibroids can produce pronounced misshaping of the sac (Fig. 
39.9). There is a normal lower uterine body implantation called a 
lower isthmus implantation, where the sac is low, unchanging and 
well established in the lower uterine cavity but not within a caesar¬ 
ean section scar (Fig. 39.10). 


The appearance of the yolk sac 

The yolk sac visualised sonographically is the secondary yolk sac 
located in the chorionic cavity (Fig. 39.11). The yolk sac is respon¬ 
sible for the initial biosynthetic, haematopoietic and absorptive 
functions of the embryo. 11 It is involved in the formation of the 
primitive gut and remains connected to the midgut by the vitelline 
duct, which can be demonstrated sonographically (Fig. 39.12). 

The yolk sac is a thin-walled rounded structure whose walls 
gradually thicken. The yolk sac growth is linear to a maximum of 
6 mm and it is never >6 mm in normal pregnancies at 10 weeks 
gestation (Fig. 39.13). 12 At 10 weeks it involutes or is incorporated 


Figure 39.9 A fibroid (arrow) producing anterior compression of 
the gestation sac. 


Figure 39.10 A low normal sac implantation within the uterine 
isthmus, the arrow at the level of the internal os. 


Figure 39.11 The yolk sac (black arrow) within the echogenic 
chorionic cavity (white arrow). 





















CHAPTER 39 • The first trimester, gynaecological aspects 


PHILIPS 25/09/2007 10:31:28 TIS0.1 Ml 0.6 


Health C8^4v/OB Early 

FR 98Hz M3 



Figure 39.12 The normal yolk sac (black arrow) with the 
attached vitelline duct (white arrow). 


-AMC- Endo-Vaginal AMC 

TOSHIBA 



Printing Storing HDD;71% Free CINE REVIEW ► H, |ffl 


Figure 39.13 The maximum size of the yolk sac is never more 
than 6 mm in transverse section at 10 weeks. 


Table 39.4 Size of the gestation sac on transvaginal (TV) 
scanning with respect to yolk sac appearance and 
visualisation 

1. When on TV the MGSD is 6 mm (5.5 weeks) the yolk sac 
is usually seen. This is the threshold level for yolk sac 
visualisation 

2. When on TV the MGSD is 8 mm (5.7 weeks) the yolk sac 
is always seen 

3. When on TV the MGSD is >13 mm (6.4 weeks) the yolk 
sac must be seen. This is the discriminatory level for yolk 
sac visualisation 


into the primitive foregut. The main initial sonographic importance 
of the yolk sac is that it confirms that the fluid collection within 
the endometrium is indeed a true intrauterine sac. It is therefore 
important to be aware of the timing of the appearance of the 
yolk sac within the gestation sac, i.e. to be aware of the threshold 
and discriminatory levels of sac size and yolk sac visualisation 
(Table 39.4). 13 



Figure 39.14 The embryo (arrow) first appears at the chorionic 
margin of the yolk sac. 
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Figure 39.15 Cardiac activity in an embryo of >5 mm in size. 

Defining features of the true gestation sac 

• The early gestation sac is simply a tiny hypoechoic fluid 
collection. 

• The eccentric location and the double decidual sac sign suggest 
a true intrauterine sac. 

• The appearance of the yolk sac confirms the intrauterine 
collection as a true sac. 

• A MGSD >13 mm (6.4 weeks) is the discriminatory level for yolk 
sac visualisation. 

• A MGSD of 15-18 mm (6.4 weeks) is the discriminatory level for 
embryo visualisation. 


The appearance of the embryo 

The embryo is first seen as a disc adjacent to but distinct from the 
yolk sac, developing along the chorionic margin of the yolk sac (Fig. 
39.14). It is approximately 2 mm in length at 5 weeks. Prior to this 
the beat of the developing embryonic heart can often be seen 
without the embryo itself. 14 Once it is larger than 2 mm it is discoid 
with a proportional width relative to its length. The normal embry¬ 
onic growth rate is initially 1.2 mm /day. Once it measures 5 mm 
in a sac of 15-18 mm size (a gestational age of approximately 6.5 
weeks), it will be seen consistently as a discrete structure and it will 
always have cardiac pulsations, if it is living (Fig. 39.15). 15 

















The normal first trimester 



Figure 39.16 Measurement of the crown-rump length (CRL). 


Table 39.5 Size of the gestation sac on transvaginal 
scanning (TV) with respect to embryonic appearance 
and visualisation 

1. When on TV the MGSD is 10 mm (6 weeks) the embryo is 
usually seen. This is the threshold level for visualisation of 
the embryo 

2. When on TV the MGSD is 15-18 mm (6.4 weeks) the 
embryo must be seen. This is the discriminatory level for 
visualisation of the embryo 

3. By realising what the threshold and discriminatory levels for 
visualisation of the yolk sac and the embryo are, it will be 
seen that the diagnostic levels recommended for use by 
the Royal College of Obstetricians and Gynaecologists/ 
Royal College of Radiologists are very conservative but 
rightly so 


The crown-rump length (CRL) is used to measure the embryo 
within the first trimester (Fig. 39.16). The term CRL is initially a 
misnomer as before 7 weeks there is no crown-rump differentiation 
to the embryo. The assumption is that the longest dimension of the 
embryo is the most accurate, which is true, provided other struc¬ 
tures such as the yolk sac are not included in the measurement. 

As with the yolk sac, it is extremely important to be aware of the 
timing of the appearance of the embryo within the gestation sac, i.e. 
to be aware of the threshold and discriminatory levels of sac size 
and embryo visualisation (Table 39.5). 


The embryonic heartbeat 

Embryonic heart pulsation is the earliest proof that the embryo is 
alive. Cardiac pulsation has been documented in utero by trans¬ 
vaginal scanning as early as 36 days menstrual age, the time when 
the heart tube starts to beat. Theoretically cardiac activity should 
always be evident when the embryo is over 2 mm in size. In around 
5-10% of embryos between 2 and 4 mm it cannot be demonstrated, 
although the pregnancies will have a normal outcome. 14 From 5 to 
9 weeks of gestation, there is a rapid increase in the mean heart rate 
from 110 to 175 bpm. 16 



Figure 39.17 The echogenic chorion (white arrow) and the 
echo-poor amnion containing the embryo (black arrow). 



Figure 39.18 The amnion (arrow) slowly moving away from the 
developing embryo by accumulating amniotic fluid. 


Appearance of the membranes: 
the amnion and chorion 

The chorionic cavity is the first cavity seen. The fluid is faintly 
echogenic (Fig. 39.17). The chorion contains the secondary yolk sac 
and the chorionic margin always leads to the placental margin. The 
chorion is gradually obliterated by expansion of the amnion and 
complete fusion is usually complete by 12 weeks. 

The amnion appears at the same time as the yolk sac, i.e. when 
the MGSD is 6 mm (5-5.5 weeks). The amnion and the yolk sac 
produce an initial double bleb not seen sonographically. The 
amnion goes through a period of sonographic invisibility due to the 
fact that this is a very thin structure very close to the embryo. With 
newer ultrasound systems sonographic invisibility is less common. 
It is reliably seen once again at about week 7 when the accumulating 
amniotic fluid pushes it away from the embryo (Fig. 39.18). Visuali¬ 
sation of an amnion without an embryo is impossible in a normal 
gestation and the 'empty amnion sign' is universally predictive of 
pregnancy failure. 17 
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Figure 39.19 The normal fetal rhombencephalon (arrow). 


Normal pregnancy development 

• Normal pregnancy development occurs in a very predictable 
manner. 

• When the embryo is over 2 mm in size cardiac activity should be 
evident. 

• Chorionic cavity fluid is echogenic. 

• The chorion is gradually obliterated by expansion of the amnion. 

• The amnion appears at the same time as the secondary yolk sac. 

• Visualisation of an amnion without an embryo is impossible in a 
normal gestation. 


Normal embryonic anatomy and 
fetal anomalies 

High-resolution transvaginal ultrasound allows visualisation of 
in-vivo embryology from as early as the third week post implanta¬ 
tion. Knowledge of the early anatomical development of the 
fetus is essential as normal anatomy may mimic the sonographic 
appearances of fetal anomalies due simply to the early stage of 
development. 18 

The fetal rhombencephalon appears as a cystic structure in the 
posterior fossa beginning at 7 weeks menstrual age. It is well visu¬ 
alised by 8 weeks. It should not be mistaken for an intracranial cyst 
or hydrocephalus (Fig. 39.19). The telencephalic, mesencephalic 
vesicles and the bilateral echogenic choroid plexus can also be seen 
at 8 weeks. 

The upper limb buds are seen at 8 weeks with the lower limb 
buds apparent by 9 weeks. At 8 weeks gestational age the first 
movements of the 15-20 mm embryo are detected. This movement 
is predominantly lateral flexion of the body. By 9 weeks gestation 
the 21-26 mm embryo is wriggling its body and actively moving 
its limbs. 

Physiological herniation of the gut is present in embryos between 
8 weeks 3 days and 10 weeks 4 days. This physiologic midgut 
hernia is a small (6-8 mm) echogenic mass protruding into the 
umbilical cord. It is never more than 8 mm in transverse measure¬ 
ment (Fig. 39.20). 19 The bowel should always have returned to the 
abdominal cavity by a CRL of 45 mm. 

The kidneys do not reach their adult position until 11 weeks. The 
fetal bladder will be seen in 94% of normal fetuses by 13 weeks. 20 
Amniotic fluid volume does not depend on fetal renal function until 
the second trimester and so an abnormal liquor volume cannot 
serve as an early indicator of severe renal disease and severe renal 



Figure 39.20 The normal physiological echogenic 
omphalocele. 



Figure 39.21 LS of an abnormal fetal bladder which measures 
28 mm and is therefore abnormal i.e. first trimester megacystis. 


anomalies cannot be diagnosed in the first trimester. However, 
anomalies of the lower renal tract such as megacystis, defined 
as a longitudinal measurement of the fetal bladder >8 mm, may 
be detected even at this early stage (Fig. 39.21). The normal 
fetal bladder measures less than 6 mm in longitudinal section at 
10-14 weeks. 21 

Many severe anomalies may have a normal sonographic appear¬ 
ance in the first trimester. The most dramatic example is anen- 
cephaly, which may only become obvious after failure of ossification 
of the calvarium, which is normally complete by 12 weeks men¬ 
strual age. Anencephaly results from failure of closure of the rostral 
neuropore at 42 days menstrual age and is the end stage of a defect 
which begins with acrania and progresses through exencephaly to 
anencephaly. At approximately 8 weeks menstrual age, a fetal head 
may be identified in an anencephalic embryo. Whilst true acrania 
may not be diagnosed until the end of the twelfth completed week 
the diagnosis of exencephaly (extrusion of the brain tissue normal 
and abnormal) may be made at 11 weeks and indeed there are 
reports of even earlier diagnoses. 22 At 11 weeks, the brain in 












The normal first trimester 



Normal embryonic anatomy and fetal anomalies 


Figure 39.23 Two discrete gestation sacs with a positive 
lambda sign (arrow) at 8 weeks. 


• Normal embryologic anatomy may mimic the appearances of fetal 
anomalies. 

• The rhombencephalon may be mistaken for an intracranial cyst or 
hydrocephalus. 

• The upper limb buds and lower limb buds are seen on 
transvaginal scan at 8 and 9 weeks respectively. 

• By 9 weeks gestation the 21-26 mm embryo is wriggling its body 
and moving its limbs. 

• Physiological herniation of the gut occurs between 8 and 10 
weeks. 

• Physiological herniation must have resolved by a crown-rump 
length of 45 mm. 

• Acrania may not be diagnosed until the end of the twelfth 
completed week of gestation. 

• Exencephaly may be diagnosed at 11 weeks. 


exencephaly appears as an abnormal mass of tissue extending 
above the head, which is sonographically referred to as the 'Mickey 
Mouse' sign (Fig. 39.22). 23 



Figure 39.24 A retro membraneous haematoma (white arrow) 
adjacent to the true gestation sac (black arrow). 


Multiple pregnancy diagnosis 


Twinning 

Twinning occurs in 1% of all pregnancies. Two-thirds of all twins 
will be dizygotic, i.e. the embryos develop from two separate 
zygotes (two separately fertilised ova). One-third will be monozy¬ 
gotic twins, i.e. separation/splitting of one zygote. 

The most important role of ultrasound in an early multiple 
pregnancy is to determine the chorionicity and amnionicity of the 
pregnancy. Ultrasound does not determine zygosity. 24 

Dizygotic twins will always have a dichorionic placentation. 
However, a monozygotic twin pair can have either a dichorionic 
placenta (40% of cases) or a monochorionic placenta (60%) depend¬ 
ing on when splitting of the blastocyst occurs (Table 39.6). 25 

The presence of two gestation sacs, which can be seen as early as 
4.5 to 5 weeks, is consistent with a dichorionic gestation. It is essen¬ 
tial to ensure that two distinct gestation sacs are seen (Fig. 39.23). 
The most frequent early misdiagnosis of twinning is to misinterpret 
either a normal early structure such as the yolk sac as a second 
gestation sac or to diagnose a subchorionic haematoma or hydropic 
placental change as a gestation sac (Fig. 39.24). This should only 
present a problem prior to visualisation of the embryo. Such mis¬ 
interpretations are in part responsible for the wide variability in 


Table 39.6 Different monozygotic twin types 

Time of division 

Type of twinning 

<4 days 

Dichorionic diamniotic 

4-8 days 

Monochorionic diamniotic 

8-13 days 

Monochorionic monoamniotic 

>13 days 

Conjoined twins 


Reproduced with permission from Elsevier. 


reporting the 'vanishing twin'. 26 Disappearance of sacs or embryos 
is described throughout the first trimester, occurring more fre¬ 
quently earlier in gestation. A disappearance rate of 21% for dicho¬ 
rionic twins and 50% for monochorionic twins between 6 and 8 
weeks has been reported, with no further spontaneous losses in 
either group from 8 to 13 weeks. 27 

The lambda sign or twin peak sign occurs in a dichorionic gesta¬ 
tion when both placentas have formed adjacent to each other and 
is most reliable between 10 and 14 weeks. It represents placental 
tissue extending between the intertwin membranes. By 20 weeks it 
will no longer be seen in 7% of dichorionic gestations. 28 Absence of 
the lambda sign at this gestational age neither excludes a dichori¬ 
onic gestation nor implies a monochorionic gestation. Different 
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Figure 39.25 A single large yolk sac (thin arrow) in the chorionic 
cavity with 2 embryos, one showing abnormal development (block 
arrow) within a single amnion consistent with a MCMA pregnancy 
complicated by Twin Reversed Arterial Perfusion (TRAP) sequence. 



Figure 39.27 Conjoined twins; the type of union in this case is 
omphalophagus-xiphophagus. 


iz 



Figure 39.26 Two embryos each within their own amnion (thin 
arrow) within a single chorionic cavity (block arrow) consistent with 
a MCDA. 


criteria then need to be used to establish chorionicity such as thick¬ 
ness of the intertwin membrane and fetal gender determination. 29 

Determining the amnionicity, in the presence of a single gestation 
sac and two embryos, depends upon visualisation of two discrete 
amnions. This is not easy early on because the amnion is thin and 
delicate. After 7 weeks, the differentiation between diamniotic and 
monoamniotic monochorionic gestation becomes easier as the 
developing amnion moves away from the embryo. Prior to that 
time determination of the amnionicity of a monochorionic preg¬ 
nancy can be attempted by evaluating the number of yolk sacs. The 
very early embryonic disc lies within the forming amniotic cavity 
adjacent to the secondary yolk sac. One yolk sac implies a mono¬ 
chorionic monoamniotic (MCMA) pregnancy (Fig. 39.25). Two yolk 
sacs within a single chorionic cavity are consistent with a monocho¬ 
rionic diamniotic pregnancy (MCDA). It is often more prudent to 
wait until 10 weeks to confirm the amnionicity, at which stage the 
amnions of a diamniotic pregnancy will have enlarged sufficiently 
to contact each other and to form the thin intertwin membrane 
(Fig. 39.26). 30 


Twinning 

• Twinning occurs in 1 % of all pregnancies. 

• Two-thirds of twins will be dizygotic and one-third will be 
monozygotic. 

• Dizygotic twins will always have a dichorionic placentation. 

• The lambda (twin peak) sign occurs in a dichorionic gestation 
when both placentas have formed adjacent to each other. 

• The lambda or twin peak sign is most reliable between 10 and 
14 weeks. 

• Absence of the lambda sign at 20 weeks gestation does not 
exclude a dichorionic gestation nor does it imply a monochorionic 
gestation. 

• The perinatal mortality associated with twinning is six times that 
for singletons. 

• The perinatal mortality of a monochorionic (MC) gestation is three 
to four times that of a dichorionic (DC) gestation. 


Due to the increased perinatal mortality associated with twinning 
(six times that for singletons) with the mortality for a monochori¬ 
onic (MC) gestation three to four times that of a dichorionic (DC) 
gestation, it is essential to determine chorionicity as soon as 
possible. 30 

Conjoined twins are extremely rare, occurring in 1 in 50000 to 1 
in 100000 pregnancies. Conjoining can only occur in monozygotic 
pregnancies and is due to division of the zygote 13 days after fer¬ 
tilisation. The diagnosis may be missed prior to 10 weeks if a strict 
routine for scanning a pregnancy in the first trimester and careful 
separation with individual movement of the fetuses is not observed 
(Fig. 39.27). 

First trimester biometry 


Biological variability in embryonic development in the first trimes¬ 
ter is minimal so it is possible to estimate the gestational age (GA) 
with a small margin of error. An accurate calculation of gestational 
age is essential for the correct evaluation of subsequent fetal growth 
during pregnancy. 

Mean gestational sac diameter (MGSD) 

The first structure that can be used to determine the gestational age 
is the gestational sac (GS). The measurement of the mean diameter 
of the sac can be obtained even if the yolk sac and embryo are not 









Early pregnancy failure 


Assessment of gestational age 

• Measurement of the mean gestational sac diameter is the first 
parameter that can be used to determine gestational age. 

• The rate of growth of the normal gestation sac is 1.1 mm/day. 

• Measurement of the crown-rump length (CRL) between 6 and 
12 weeks is the most accurate dating parameter. 

• CRL measurements of gestational age are accurate to within 
3-5 days. 


visible provided the true nature of the gestation sac has been con¬ 
firmed. The rate of growth of the gestation sac is 1.1 mm/day. The 
MGSD is an extremely useful way of placing the developing preg¬ 
nancy along a developmental time line and monitoring progress. 
This measurement becomes less reliable with advancing gestation 
(Fig. 39.3). 

Crown-rump length (CRL) 

Between 6 and 12 weeks gestational age (GA), the measurement of 
the crown-rump length (CRL) of the embryo is most accurate for 
dating. The now classical study by Robinson and Fleming 31 on CRL 
is still the main reference for the assessment of gestational age in 
early pregnancy. There are no significant differences with measure¬ 
ments made by the transabdominal route or the transvaginal route. 
Because transvaginal scan provides superior resolution and more 
accurate identification of the embryonic structures than abdominal 
ultrasound, new charts have been developed for the period of 
gestation before 7 weeks. The original data of Robinson has been 
extrapolated from embryos of 7 mm in size down to embryos of 
2 mm with preservation of accuracy and reliability. 31 

The accuracy of CRL measurements in determining gestational 
age is within 3-5 days. There is an optimum window for CRL 
measurement which is between 7 and 9 weeks using transvaginal 
scan. The confidence interval at 8 weeks is ±0.64 weeks and at 12 
weeks is ±0.96 weeks. 


EARLY PREGNANCY FAILURE 


A pregnancy may fail either because the normal progression of the 
in-utero implantation ceases or because it does not implant within 
the uterus, i.e. it is an ectopic pregnancy. 

Failure of normal progression of 
the in-utero implantation 


Spotting or bleeding and cramping with a closed cervical os are 
common in early pregnancy, occurring in approximately 25% 
of patients. 32 About 50% of patients presenting with threatened 
miscarriage will have a normal outcome and 50% subsequently 
miscarry. The majority of pregnancy losses are sporadic and the 
commonest apparent cause of sporadic loss is a cytogenetic 
abnormality. 

Two important features of early pregnancy loss need to be 
appreciated: 

1. In patients presenting with threatened miscarriage who 
subsequently miscarry, the embryo is usually already dead at 
the time of presentation. 

2. Spontaneous expulsion of the products of conception may be 
delayed. 33 

The highly charged emotional situation of an early pregnancy 
complication is not helped by inappropriate terminology. The use 
of appropriate ultrasound-based terminology is essential (Table 


Table 39.7 Ultrasound-based terminology for early 

pregnancy problems 


Diagnosis 

Ultrasound appearance 


Complete miscarriage in 
which there is usually 
cessation of pain and 
bleeding 

Incomplete miscarriage 
which clinically may still 
have pain and/or bleeding 

Delayed miscarriage in 
which clinically there is loss 
of pregnancy symptoms 
and usually minimal 
bleeding or pain 


39.7). 34 Terms such as blighted ovum, anembryonic sac, trophoblas¬ 
tic bleeding, implantation bleeding and abortion are unacceptable 
and obsolete. 

Sonographic diagnosis of early 
pregnancy failure 


Robinson's original statement relating to the fundamental impor¬ 
tance of accurate ultrasound diagnosis of early pregnancy failure is 
still essential, i.e. the criteria that are formulated for the ultrasound 
diagnosis of early pregnancy failure must be capable of being 
applied retrospectively with complete reliability. 2,35 

The presence of embryonic cardiac activity is the single most 
important diagnostic finding indicating that the embryo is alive. 
Conversely sonographic demonstration that an embryo lacks 
cardiac motion is the most specific evidence of embryonic demise. 
This is only a reliable observation when the embryo has reached 
the discriminatory size of a CRL of 5 mm (6.2 weeks). For diagnostic 
purposes it is not how early cardiac activity can be visualised 
(2-3 mm embryos may demonstrate cardiac activity) but at what 
stage its absence is considered a definite sign of early pregnancy 
failure. 36 

The reliability of demonstration of lack of embryonic cardiac 
activity depends on a scrupulous scan technique and evaluation. 
The structure being measured must be an embryo and time should 
be spent trying to locate cardiac activity (Fig. 39.28). An inadequate, 
technically poor, transvaginal scan must be abandoned and repeated 
either by a more experienced observer or on a different occasion. If 
the embryonic size does not meet the diagnostic criteria for failure 
then the scan must be repeated after a week (allowing for an embry¬ 
onic growth rate of 1.2 mm/day). 37 

In many patients, the embryo cannot be visualised at the time of 
initial sonographic examination and so the sonographic diagnosis 
of pregnancy failure cannot be made on the basis of embryonic 
cardiac activity. The diagnosis of pregnancy failure is possible 
based on gestational sac characteristics. 5,38 

The diagnostic ultrasound features of pregnancy failure prior to 
the visualisation of the embryo can be divided into major and minor 
criteria. 

Major criteria: 

1. gestation sac size characteristics 

2. empty amnion sign 

3. absence of growth of the gestation sac after a 7-10-day 
interval 

4. gestation sac shape. 


Endometrial thickness 
<15 mm, no evidence of 
retained products 

Any thickening of the 
endometrium, heterogeneity 
of tissues or gestational sac 

Gestational sac diameter 
>20 mm with no fetal pole or 
yolk sac. Fetal pole <6 mm 
with no fetal cardiac activity 
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Figure 39.28 The structure being measured is not a sac and 

the mass within is definitely not an embryo. 
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Figure 39.29 A very large gestation sac lacking any discerning 
features such as yolk sac or embryo thereby fulfilling the RCR/ 
RCOG criteria for failed pregnancy. 

Minor criteria: 

1. thin decidual reaction 

2. irregular contour 

3. absent double decidual sac sign 

4. abnormally low position of the sac. 

Major criteria 

Gestation sac size 

The most reliable indicator of abnormal outcome based on gesta¬ 
tional sac characteristics is abnormal gestational sac size. 

An abnormally large gestational sac is a sac of at least 25 mm 
MGSD on transabdominal scanning lacking an embryo, or a gesta¬ 
tional sac of at least 20 mm MGSD on transvaginal scanning lacking 
a yolk sac or embryo (Fig. 39.29; Table 39.8). An abnormally large 
sac lacking an embryo is always abnormal and is usually due to an 
anembryonic gestation. This feature occurs in 45% of all failed first 
trimester pregnancies. These pregnancies contain a large number of 
chromosomal anomalies. 36,38 



Figure 39.30 The pathological double bleb sign due to an 

empty amnion (white arrow) adjacent to the yolk sac (black arrow). 


Table 39.8 The discriminatory levels for gestational 
sac size 

This is the gestational sac size correlated with absence of 
defining features: 

Transabdominal MGSD >25 mm >8 weeks lacking an embryo 
Transabdominal MGSD >20 mm >7.3 weeks lacking a yolk sac 
Transvaginal MGSD >20 mm >7.3 weeks lacking an embryo or 
a yolk sac 


These are the levels chosen by the Royal College of Radiologists/Royal 
College of Obstetricians and Gynaecologists, which are conservative 
levels . 37 


The empty amnion sign 

As described earlier, at approximately 5.5 weeks menstrual age the 
amnion may be visualised as a 2 mm bleb adjacent to the yolk sac. 
The amnion becomes visible again when the CRL is about 8-12 mm 
as a thin, filamentous, rounded membrane surrounding the embryo. 
Visualisation of an amnion without an embryo is impossible in a 
normal gestation. The empty amnion sign is universally predictive 
of an anembryonic gestation. The double-bleb sign is a descriptive 
term applied to a pathologically empty amnion adjacent to the yolk 
sac (Fig. 39.30). 3,39 


Gestational sac shape 

Grossly irregular contours/grossly aberrant shapes are readily rec¬ 
ognised and reliably predict an abnormal outcome provided there 
is no distortion of the gestation sac by fibroids or an over-distended 
bladder. Only 10% of failed pregnancies demonstrate this feature 
(Fig. 39.31A and B). 5 


Minor criteria 

Abnormally low position of the sac 

An abnormally low position of the gestational sac within the 
endometrial cavity has been used as a prognostic feature of early 
pregnancy failure. Once an implantation in the isthmus has been 
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Early pregnancy complications 



Figure 39.31 A and B: Grossly irregular 
shapes will also be predictive of an 
abnormal outcome. 




Figure 39.32 A and B: Two sequential 
images taken 3 minutes apart 
demonstrating movement of the gestation 
sac down through the endometrial cavity 
with a marked change in shape also. 



Figure 39.33 A gestation sac (white arrow) containing a yolk sac 
(black arrow) with virtually no true decidual reaction surrounding the 
entire gestation sac. 


excluded, the low position within the uterine cavity is actually 
believed to be a stage in the evolution of a miscarriage and not a 
prognostic feature (Fig. 39.32A and B). Gentle pressure with the 
probe will often exaggerate this appearance and is referred to as the 
sliding sign of probe pressure. 

Thin poorly reflective decidual reaction, weak 
decidual amplitude, absence of the double 
decidual sac sign 

All of these features relate to an abnormality of the chorionic tissue 
and the decidual reaction. A very thin or weakly echogenic decidual 
reaction (Fig. 39.33) is reliably associated with an abnormal outcome. 
The converse is not true, as a very thick decidual reaction does not 


Early pregnancy failure 

• 25% of pregnant women will have spotting or bleeding in early 
pregnancy. 

• 50% of patients presenting with threatened miscarriage will have 
a normal outcome. 

• The diagnostic ultrasound criteria for early pregnancy failure must 
be reliable. 

• Demonstration that an embryo of >6 mm lacks cardiac motion is 
the most specific evidence of embryonic demise. 

• A sac of 25 mm MGSD on transabdominal scan lacking an 
embryo is a failed pregnancy. 

• A sac of 20 mm MGSD on transvaginal scan lacking a yolk sac 
or an embryo is a failed pregnancy. 

• The empty amnion sign is universally predictive of an 
anembryonic gestation. 


guarantee normality. Hydropic degeneration of the placenta and 
early molar change will produce a thickened chorionic tissue reac¬ 
tion (Fig. 39.34). The major role of the double decidual sign (DDS) 
is to confirm that the early collection of fluid seen is actually a true 
sac. In cases of pregnancy failure, the DDS sign may not be seen 
due to necrosis of the decidua; this is not a sign to be used in 
isolation. * 1 2 3 


EARLY PREGNANCY COMPLICATIONS 

First trimester haemorrhage 

There are many potential sites for blood accumulation in 
pregnancy: 

1. bleeding behind the placenta which separates the placenta 
from the endometrium, i.e. abruption 

2. subchorionic, the commonest cause of bleeding in the first 

trimester 
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Figure 39.34 A thickened heterogeneous chorionic reaction 

(white arrow) due to early molar change within the placenta. 


Figure 39.35 Acute echogenic and heterogenous 
haemorrhage (thin arrow) adjacent to a gestation sac containing a 
dead embryo (block arrow). 


3. chorioamniotic 

4. intra-amnio tic. 

Subchorionic haemorrhage 

This type of intrauterine haemorrhage (IUH) is the commonest site 
of bleeding within the early gestation sac and is a crescent-shaped 
echo-free area between the chorionic membrane and the myo¬ 
metrium. The appearance of the blood depends on the age of the 
haematoma. Acute bleeding will be echogenic and particulate (Fig. 

39.35) . As the haemorrhage evolves it becomes less echogenic (Fig. 

39.36) . Understanding of the resolution of these haematomas and 
the prognostic relevance of this ultrasound finding is limited. 40 

The size of a subchorionic haematoma is graded according to the 
percentage of the chorionic cavity elevated by the haematoma: 

■ small: < % 

■ moderate: %-% (Fig. 39.37) 

■ large: > % (Fig. 39.38). 

The overall loss rate with a subchorionic haematoma is 9.3% 
(7.7-9.5% with a small to moderate haematoma and 18.8% with a 


Figure 39.38 A haematoma (black arrow) that is so large that the 
gestation sac (white arrow) appears to have no attachment to the 
endometrium. 


Figure 39.36 Evolving haematoma becoming less echogenic 
and more fluid-like. 


Figure 39.37 A moderate subchorionic haematoma. 
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Table 39.9 Adverse outcome related to maternal age 

and gestational age at presentation 

Maternal age 

<35 years: loss rate 7% 

Maternal age 

>35 years: loss rate 14% 

Gestational age 

<8 weeks: loss rate 14% 

Gestational age 

>8 weeks: loss rate 6% 


large haematoma) Additional factors will have an impact on the 
outcome, i.e. maternal age at presentation and gestational age at 
presentation 41 (Table 39.9). A haematoma cannot be treated nor can 
the outcome with a haematoma be changed. Moreover what may 
actually be more important and significant for the patient is not the 
size of the haematoma but its location and the possible association 
with intrauterine growth retardation later in pregnancy. 42 

It has been observed that women with bleeding in the second half 
of the first trimester are at higher risk of preterm premature rupture 
of fetal membranes and preterm labour. These risks are independ¬ 
ent of the presence or absence of an IUH on the initial ultrasound 
examination. This would suggest that threatened miscarriage in the 
first trimester is a risk factor for adverse pregnancy outcome regard¬ 
less of the ultrasound findings. 41 

Crown-rump length 

There is conflicting evidence for an association between early 
growth restriction, as defined by a deficit between the CRL and that 
predicted by the last menstrual period, and karyotypic abnormali¬ 
ties. A smaller than expected CRL has been associated with subse¬ 
quent miscarriage but this finding must be used with caution and 
not as a solitary parameter for pregnancy failure. 43 

Early pregnancy failure due to 
ectopic implantation 


The current incidence of ectopic pregnancy is difficult to estimate 
from available data, not only because inpatient hospital treatment 
of ectopic pregnancy has decreased but also because the number of 
hospital visits for a single ectopic pregnancy has increased. 44 The 
incidence of ectopic pregnancy in the UK is 11/1000 at present, 
which is twice that in the period 1973-1999 (4.9/1000). 45 This 
increase in incidence is strongly associated with the increased inci¬ 
dence of pelvic inflammatory disease that preceded it. 46 However, 
the rise in incidence is probably also related to greater diagnostic 
accuracy as a result of transvaginal ultrasound and more sensitive 
immunoassays for (3-hCG. 

Even though the incidence is increasing, morbidity and mortality 
have diminished in inverse proportion. However, it is important to 
remember that ectopic pregnancy is still the leading cause of 
pregnancy-related maternal death in the first trimester. In 2003 to 
2005 ectopic pregnancy was responsible for 10 maternal deaths 
despite improved diagnostic methods leading to earlier detection 
and treatment. In 1985 to 1987 ectopic pregnancy accounted for 11 
maternal deaths. 46 Transvaginal ultrasound has been pivotal in the 
advances in diagnosis. Early diagnosis has altered the clinical pres¬ 
entation from that of a life-threatening condition to a condition that 
is amenable to medical management in some cases. 

Risk factors for ectopic pregnancy 


All patients of reproductive age are at risk for ectopic pregnancy. 
The prevalence of ectopic pregnancy in a clinically suspected group 
varies according to the patient population and their inherent risk 
factors. The following factors are associated with an increased inci¬ 
dence of ectopic pregnancy. The common element is prevention or 
delay of transit of the zygote through the fallopian tube. 47 


Table 39.10 Location of ectopic gestations 

95% of all ectopics are tubal in location: 

70% will be ampullary 

2% will be in the isthmus of the fallopian tube 
5% of ectopics will be non-tubal in location: 
2-5% will be cornual or interstitial in location 
0.5-1 % of all ectopics will be ovarian 
0.1% of all ectopics will be cervical 


Ectopic pregnancy 

• The present incidence of ectopic pregnancy in the UK is 
approximately 11/1000. 

• Ectopic pregnancy is still the leading cause of pregnancy-related 
maternal death in the first trimester. 

• All patients of reproductive age are at risk for ectopic pregnancy. 

• Prevention or delay of transit of the zygote through the fallopian 
tube is the common element to all ectopic risk factors. 

• Unusual ectopic locations are increasing in incidence. 

• 95% of all ectopics are tubal and 70% of these will be ampullary 
in location. 

• 2-5% of all non-tubal ectopics will be cornual or interstitial in 
location 


1. A past history of salpingitis, pelvic inflammatory disease or 
tubal surgery. 

2. Previous ectopic pregnancy (conservative methotrexate 
treatment for ectopic pregnancy 8% risk of recurrence, 
conservative surgery 15%). 

4. Use of an intrauterine contraceptive device. (The lowest rates 
are observed with the copper-containing intrauterine 
contraceptive devices and the progesterone-releasing IUCD. 
The latter is, however, associated with a higher absolute rate 
of ectopic pregnancy than that seen in women not using any 
contraception.) 

5. Advanced maternal age. 

6. Infertility. 

7. Ovulation induction. 

8. In-vitro fertilisation (particularly if the cause of infertility is 
due to tubal factors). 

As well as the increase in overall rate of ectopic gestation, there 
has also been an increase in unusual ectopics (Table 39.10), 48 namely: 
heterotopic gestation (the simultaneous occurrence of an ectopic 
and an intrauterine pregnancy - 1% of artificial reproduction tech¬ 
niques, 1/30000 in the non-IVF population); interstitial and cervical 
ectopic gestations; bilateral ectopic pregnancy; 'trophoblast in 
regression', i.e. an early ectopic pregnancy that is actually in the 
process of spontaneous resolution. There are undoubtedly ectopic 
pregnancies that implant, die and resorb spontaneously. 

The early diagnosis of ectopic pregnancy provides the patient 
with choice in terms of often a non-surgical approach to treatment. 
The sonographic diagnosis is based on a combination of morpho¬ 
logical findings in the uterus and the adnexa. The diagnosis of 
ectopic gestation should be considered at each site within the pelvis. 

The uterine findings in ectopic pregnancy 


Normal intrauterine pregnancy 

The primary role of ultrasound is the identification of an intrauter¬ 
ine pregnancy at the earliest possible stage. This involves visualisa¬ 
tion and recognition of the gestation sac when it first appears even 
as a small 2 to 3 mm hypoechoic collection of fluid surrounded by 
an echogenic rim. Recognition at this stage is dependent on subtle 
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Figure 39.39 A trilaminar endometrium as seen in the peri- 
ovulatory phase of the menstrual cycle. Proven ectopic. 



Figure 39.40 Heterogeneous decidual reaction. Proven 
ectopic. 


Table 39.11 The endometrial appearances in ectopic 

gestation 

1. Homogeneously thickened and echogenic: secretory 
endometrium seen in 22% of cases 

2. Thin 

3. Trilaminar in appearances: early proliferative endometrium 
seen in 12% of cases (Fig. 39.39) 

4. Demonstrate a pseudo-gestation sac 

5. Non-specific thickening often quite heterogeneous: decidual 
reaction seen in 42% of cases (Fig. 39.40) 


findings (Figs 39.6, 39.7 and 39.8). A recent study suggests that 
74% of ectopic pregnancies can be visualised at first ultrasound 
examination. 49 


Endometrial appearances 

Failure to diagnose an intrauterine pregnancy means that the 
assessment of the endometrium itself is of major importance. There 
are a number of possible endometrial appearances that can occur 
in an ectopic pregnancy (Table 39.11; Figs 39.39 and 39.40). 50 It 
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Figure 39.41 Thin endometrium (black arrow) with fluid in the 
Pouch of Douglas (white arrow) Proven ectopic. 


would be useful if there was one specific appearance of the 
endometrium which would diagnose an ectopic gestation but, 
though there has been much debate, unfortunately this is not 
the case. 51 

The endometrium during the late proliferative phase/peri- 
ovulatory stage of the menstrual cycle has a trilaminar appearance 
consisting of three hyperechoic and two hypoechoic lines. There are 
conflicting reports on its usefulness but in general it is thought to 
be unhelpful in the diagnosis of ectopic gestation. 52 Conversely, a 
thin endometrium is helpful because it is not compatible with a 
normal ongoing intrauterine pregnancy (Fig. 39.41). 53 

The pseudo-gestation sac 

This is seen in approximately 5% of all ectopic pregnancies. It 
simply consists of fluid within the endometrial cavity (Fig. 39.42). 
The outline of this 'sac' is elongated and irregular, the decidual 
reaction is usually less than 2 mm and there may be debris within 
the fluid. The shape of the pseudo-gestation sac will vary over the 
course of the scan and can be made to change with probe pressure 
(sliding sign of probe pressure). 

The adnexal findings in ectopic pregnancy 


The appearances of the adnexal region (Table 39.12) will depend on 
the gestational age at which the patient is being examined. 

Normal adnexal regions 

Adnexal abnormalities are not always observed in ectopic gesta¬ 
tions, particularly in patients undergoing IVF due to the very early 
timing of the scan. In 15-35% of women there will not be an identifi¬ 
able adnexal lesion. Even in the presence of normal adnexa, there 
is still a risk of about 5% for the presence of an unruptured ectopic 
pregnancy. 53 Any adnexal finding assumes greater importance if the 
pregnancy test is positive and there is no evidence of an intrauterine 
pregnancy, particularly if the risk of ectopic gestation based on the 
history is high. The negative predictive value of normal adnexa in 
this situation will be much lower. 54 

Tubal ring with yolk sac/tubal ring with embryo 

The presence of an adnexal mass with a yolk sac or an embryo is 
found in 16-32% of all ectopics (Fig. 39.43). Higher rates are a 
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Figure 39.42 A and B: Two very different 
examples of fluid within the central 
endometrial cavity echo (white arrow) 
consistent with a pseudo-sac. 



Table 39.12 Possible adnexal findings in an ectopic 
gestation 

1. Normal adnexal regions (negative findings) 

2. Tubal ring ± yolk sac ± embryo 

3. Complex mass 

4. Free peritoneal fluid 


consequence of early scans and a higher proportion of unruptured 
ectopic pregnancies (Fig. 39.44). The appearance of the well-defined 
gestation sac within the unruptured tube is likened to a bagel or 
doughnut. 55 The corpus luteum is ipsilateral to the tubal pregnancy 
in about 70% of cases (Fig. 39.45) and contralateral to the ectopic in 
25-30% of cases. 56 The two structures can be similar in appearances 
but they are differentiated by the following factors: the corpus 
luteum is eccentrically placed within a border of normal ovarian 
tissue (Fig. 39.46); the tubal ring, in contrast, is a central hypoechoic 
fluid within a mass of echogenic trophoblastic tissue (Fig. 39.47). 57 

Complex mass 

A complex mass within the adnexa is the most frequent sonographic 
finding seen in 15-20% of ectopics (Fig. 39.48). 58 This complex mass 
is either a tubal miscarriage or tubal rupture. Transvaginal scanning 
is expanding its role from simple diagnosis to determining progno¬ 
sis, with an increasing role in selecting patients who can be managed 
conservatively or medically rather than surgically. 59 


Figure 39.44 The bagel sign: an unruptured right-sided ectopic 
pregnancy. 



Figure 39.45 An unruptured ectopic ‘bagel sign’ (thin arrow) 
ipsilateral to the corpus luteum (thick arrow). 
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Figure 39.46 The corpus luteum eccentrically placed within 
normal ovarian tissue. The ‘ring of fire’ around the corpus luteum is 
the colour flow appearance of peritrophoblastic flow. 



Figure 39.48 An indistinct mass (block arrow) which could be 
either tubal rupture or tubal miscarriage lateral to the right ovary 
(thin arrow). 



Figure 39.47 The tubal ring consists of centrally placed fluid 
within an echogenic ring (thin arrow). 



Figure 39.49 An ill-defined heterogeneous mass (thin arrow) 
conforming to the shape of the pelvis associated with a large 
amount of particulate free fluid: tubal rupture. 


Tubal rupture is a consequence of tubal necrosis with profound 
haemorrhage. If a complex pelvic mass has poorly defined margins 
it is probably due to tubal rupture rather than tubal miscarriage 
(Fig. 39.49). Risk factors are listed in Table 39.13. 

Tubal miscarriage occurs due to arrest of development of the ectopic 
with expulsion of the products of conception through the fimbria. 
The resulting pelvic mass is therefore usually well defined and 
localised (Fig. 39.50). 


Table 39.13 Risk factors for tubal rupture 

1. History of tubal damage 

2. History of infertility 

3. |3-hCG level >10000 IU/L 


Intraperitoneal fluid 

Intraperitoneal fluid is found in 10-30% of all ectopics and fluid will 
be seen in 20% of normal pregnancies due to exudation from the 
normal corpus luteum. There is no quantitative amount of fluid that 
is diagnostic but the greater the volume the greater the likelihood 
of an ectopic gestation (Fig. 39.51). The possibility of finding a rup¬ 
tured ectopic is extremely low if there is no free intraperitoneal 
fluid. The nature of the fluid can be useful as echogenic fluid will 
be found in 25-36% of patients with an ectopic gestation. 60 


The role of Doppler ultrasound in 
the diagnosis of ectopic pregnancy 


There are three areas in the pelvis that can be evaluated with colour 
Doppler as an adjunct to simple greyscale ultrasound assessment 
when attempting to diagnose an ectopic pregnancy: 61 

1. An adnexal mass, if it is due to ectopic trophoblastic tissue, 
will demonstrate peritrophoblastic flow, i.e. intense 
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Figure 39.50 A very well defined mass (thin arrow) adjacent to 
the left ovary ( block arrow) consistent with a tubal miscarriage. 



Figure 39.51 An empty uterus containing echogenic 
endometrium only (arrowhead), pelvic clot (thin arrow) and a large 
amount of particulate free fluid (block arrow) consistent with tubal 
rupture. 

circumferential flow on colour Doppler with the high-velocity, 
low-resistance Doppler signal associated with developing 
trophoblast seen on spectral analysis. 

2. Confirmation that the mass is actually the corpus luteum 
within the ovary with the colour flow 'ring of fire' (Fig. 39.46). 

3. Demonstration of arterial flow within the endometrium, 
which lowers the risk of ectopic pregnancy. 

Unusual ectopic gestations 


Interstitial ectopic gestation 

Interstitial or cornual ectopic pregnancy accounts for 2-3% of all 
ectopic gestations (Fig. 39.52). Two predisposing factors are in-vitro 
fertilisation (IVF) and a history of an ipsilateral salpingectomy. 62 
One third of all interstitial pregnancies are detected in the IVF 
group of patients. Interstitial ectopics present as larger pregnancies 
because of the greater degree of myometrial distensibility of the 
cornual region. As a result of the larger sac size and abundant dual 
blood supply, the degree of viability is far higher than in tubal 



Figure 39.52 A gestation sac (thin arrow) in the right interstitial 
region consistent with an interstitial ectopic. 


Table 39.14 Presentation of interstitial ectopics 

36-44% of interstitial ectopics will be viable and so present with 
a live embryo compared with 17-21% of tubal ectopics 
36% will present with an empty sac 
28% will just be a solid heterogeneous mass 


ectopics (Table 39.14) and when rupture occurs haemorrhage can 
be catastrophic and fatal. The diagnosis of an interstitial ectopic is 
based on the eccentric location of the gestation sac, which can be 
considered as follows: 63 

1. A distance of at least 10 mm from the lateral margin of the 
endometrium to the gestation sac/trophoblastic mass. 

2. Thinning of the myometrial mantle to less than 5 mm all 
around the sac. However, rather than assign a rigid 
measurement, it is more important to visualise a mantel 
or rim of myometrium (irrespective of actual thickness) 
all around the gestation sac interrupted only by the 
interstitial line. 

3. Absence of the double decidual sac sign because the 
pregnancy has not implanted within the endometrium. 

4. The presence of the interstitial line sign has improved the 
diagnostic sensitivity of ultrasound in diagnosing interstitial 
ectopics. This refers to the interstitial part of the tube joining 
the endometrium to the trophoblast. The interstitial line has 
better sensitivity and specificity than either eccentric gestation 
sac location or myometrial thinning (Figs 39.53 and 39.54). 

The delayed diagnosis of interstitial pregnancy is responsible for 
the high maternal mortality rate of 2-2.5% when compared to 0.14% 
for tubal ectopics. It is important to remember that an angular 
pregnancy is not an interstitial pregnancy. An angular implantation 
is a normal intrauterine pregnancy which just happens to be high 
and lateral within the uterine cavity. It is of no consequence. The 
term cornual pregnancy should be restricted to a pregnancy present 
in the rudimentary horn of a bicornuate uterus. 53 

Cervical ectopic gestation 

Cervical ectopics account for 0.1% of all ectopic gestations. The 
precise aetiology is unknown but is likely due to a combination of 
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Figure 39.53 Diagrammatic representation of the interstitial 
line sign. Reproduced with kind permission form Wiley Interscience. 



Figure 39.54 Ultrasound demonstration of an interstitial 
ectopic; empty gestation sac (black arrow) and the interstitial line 
(white arrow). 


factors: local cervical pathology of iatrogenic origin such as previ¬ 
ous dilatation and curettage, Asherman's syndrome, caesarean 
section, cervical or uterine surgery and IVF with embryo transfer. 64 
The diagnosis requires visualisation of an intracervical ectopic ges¬ 
tation or an intracervical trophoblastic mass. Transabdominal scan¬ 
ning is extremely helpful in this situation and often suggests the 
diagnosis as it allows visualisation of the uterus, cervix and vagina 
in a single plane. Indeed it may be preferable to transvaginal scan¬ 
ning in advanced cases (Fig. 39.55). The true cervical pregnancy 
needs to be differentiated from the cervical stage of normal miscar¬ 
riage 65 (Tables 39.15 and 39.16; Figs 39.56, 39.57, 39.58 and 39.59). 



Figure 39.55 A transabdominal scan illustrating the uterus (block 
arrow) and cervix (thin arrow) in a single plane which greatly 
facilitate the diagnosis of cervical ectopic. 


Table 39.15 Features of a cervical miscarriage 

1. The embryonic heart beat is absent 

2. The uterus is enlarged and globular (Fig. 39.56) 

3. The endometrium is a mixed echogenic mass and the 
internal cervical os is open (Fig. 39.57) 

4. No intact cervical canal is seen 

5. With repeat scanning increased crenellation and distortion 
of the sac is seen 


Table 39.16 Features of a true cervical ectopic 

1. An embryonic heartbeat is often present and the embryo 
grows with time 

2. The uterine fundus is small and hourglass shaped 
(Fig. 39.58) 

3. The endometrium is a regular echogenic decidual reaction 
or shows pseudo-gestation sac formation (Fig. 39.58) 

4. The internal os is closed 

5. Intact cervical canal seen between the endometrium and 
the sac 

6. The sac is round and unchanged on repeat scanning apart 
from showing an increase in size (Fig. 39.59) 


Caesarean scar ectopic pregnancy 

(Table 39.17) 

A gestation sac in the lower uterus causes great concern and 
presents a very definite diagnostic difficulty. A true sac low in the 
uterus could be: 

1. evolving miscarriage 

2. a caesarean scar ectopic pregnancy 

3. implantation of a sac onto a caesarean section scar. 

The differentiation of a pregnancy attached to a caesarean section 
scar and a true scar ectopic is important (Fig. 39.60). Low anterior 
implantation of the sac onto a scar has been associated with pla¬ 
centa accreta (Fig. 39.61). This sonographic feature of first trimester 
diagnosis of placenta accreta carries all the attendant complications 
of not only early pregnancy failure but also accreta complicating 
delivery. 66 


Ovarian ectopic gestation 

These ectopics account for 1:3600 to 1:13000 pregnancies. The pres¬ 
ence of an intrauterine device is considered a risk factor for ovarian 
ectopic gestation. The diagnosis is made sonographically on the 
basis of: 

1. There is no evidence of an intrauterine pregnancy. 

2. There is an adnexal mass which cannot be separated from the 
ovary, i.e. the pregnancy will be surrounded by ovarian tissue 
and it will not be possible to separate the ectopic from the 
ovary, i.e. the 'sliding organs sign' is negative. 

3. There will be progressive enlargement of the ovary. 

4. There will be more than a structure resembling the 'corpus 
luteum' within the ovary. 67 

The negative sliding organs sign will be present in some tubal 
ectopics when adhesions cause the ectopic to be fixed to the ovary. 68 
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Figure 39.56 A sac can be seen within the cervix (thin arrow) 
but this uterus is enlarged and globular and the endometrium is 
heterogenous (block arrow). 



Figure 39.57 In the cervical stage of a miscarriage the 
endometrium (block arrow) will be heterogenous and ill defined 
and the internal os (thin arrow) is open. 



Figure 39.58 In a cervical ectopic (black arrow) the uterus is 
small. The uterus and cervix produce an hour glass shape. The 
endometrium is regular and in this case trilaminar (white arrow). 



Figure 39.59 MRI demonstration of a true cervical ectopic: 

hourglass uterus and extreme thinning of the wall of the cervix due 
to growth of the trophoblast. 



Figure 39.60 A true scar ectopic in which the gestational sac 

is embedded in the scar tissue within the anterior myometrium Figure 39.61 Anterior implantation of the gestation sac onto the 

(white arrow) eccentric to the central cavity echo (black arrow) scar (thin arrow). 
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Table 39.17 Ultrasound features that facilitate a 

diagnosis of caesarean scar pregnancy 

1. The uterus is empty 

2. The endometrium is clearly demonstrated and not distorted 
by blood or fluid 

3. The cervical canal is empty and not ballooned 

4. The gestational sac shows a ‘double ring’ sign in the 
anterior part of the isthmic portion of the uterus 

5. The gestational sac is embedded and surrounded by a 
diminished myometrial layer 

6. A discontinuity in the anterior wall of the uterus 

7. The gestation sac is separated from the endometrial cavity 

8. Evidence of functional trophoblastic/placental circulation on 
Doppler examination 

9. Negative ‘sliding organs sign’, which is defined as the 
inability to displace the gestational sac from its position at 
the level of the internal os using gentle pressure applied by 
the transvaginal probe 


Negative ultrasound 


Patients are being scanned increasingly early in their pregnancies 
and some patients may fail to demonstrate either an intrauterine 
pregnancy or an adnexal abnormality when initially scanned. Some 
may never demonstrate an abnormality at all. It is essential to 
acknowledge and understand that ultrasound, no matter how good, 
must never be used in isolation when evaluating a patient. The 
clinical presentation and findings as well as the serum (3-hCG level 
are very important. 

The role of a discriminatory serum 
|3-hCG level 


A viable intrauterine pregnancy will show a 66% rise in (3-hCG 
every 48 hours in the first 40 days of pregnancy. 69 Only 13% of 
ectopic pregnancies will show such a rise in levels. A (3-hCG rise of 
<50% in 48 hours is almost always associated with a non-viable 
pregnancy of either intra- or extrauterine origin. 

An ectopic pregnancy is considered very likely in the absence 
of an intrauterine pregnancy on transvaginal scanning when the 
serum P-hCG level is greater than a certain discriminatory level. 
There is controversy about the discriminatory level of (3-hCG above 
which a viable intrauterine pregnancy should be seen on the scan 
(1500-2000 IU/L). 70 The problem with discriminatory levels for bio¬ 
chemical parameters is that there is no known discriminatory level 
for twin gestations and there is a very great variability in expertise 
amongst sonographers. 71 

Pregnancy of unknown location (PUL) 


The term 'pregnancy of unknown location' (PUL) refers to a situa¬ 
tion in which the location of the pregnancy cannot be determined 
at the initial visit. The incidence of this is quoted as 8-10% of cases 
presenting to an early pregnancy assessment unit. The location may 
not be known because the scan is performed too early in pregnancy 
(normal or ectopic), the scan is performed too late in a miscarriage 
or the scan findings are missed or misinterpreted. 72 
Factors that determine the incidence of PUL are: 

1. gestational age of the pregnancy at presentation 

2. operator experience 

3. resolution of the ultrasound machine. 

Within a group of patients with an initial diagnosis of PUL, only 
a minority will have an ectopic pregnancy. Potentially large 
numbers of women could be subjected to invasive diagnostic 


Table 39.18 Falling p-hCG level 

A falling p-hCG level is most likely consistent with a failed 
pregnancy, which may simply be an: 

1. Arrested intrauterine pregnancy (Fig. 39.62) previously 
called an anembryonic gestation 

2. Tubal miscarriage 

3. Spontaneously resolving ectopic pregnancy 



Figure 39.62 A crenellated pseudo gestation sac filled with 
debris consistent with an ectopic gestation. 


Pregnancy of unknown location 

• Pregnancy of unknown location (PUL) means that the location of 
the pregnancy is not determined at the initial visit. 

• The incidence of PUL depends upon gestational age at 
presentation and operator experience. 

• Only a minority of PUL will have an ectopic pregnancy (8-14%). 

• Most pregnancies of unknown location may be safely managed 
expectantly. 


procedures in view of the anxiety associated with missing an ectopic 
pregnancy. A substantial number of non-visualised pregnancies are 
failing pregnancies, either intrauterine or ectopic, and these may 
resolve spontaneously. In these cases active therapeutic interven¬ 
tion can be avoided if the outcome can be accurately predicted. 73 

Management of a PUL usually consists of repeating the (3-hCG 
after an interval of 2 days. A serum (3-hCG level that is increasing 
or that has plateaued without sonographic findings of pregnancy 
within the uterus implies a high chance of ectopic gestation (Table 
39.18; Fig. 39.62). The rate of (3-hCG fall also tends to be slower 
with ectopic pregnancies than with complete miscarriages. Weekly 
P-hCG level concentrations should be monitored until the result is 
negative. It is now accepted that pregnancies of unknown location 
may be safely managed expectantly with a high success rate. 
Surgical intervention was required in only 23 (29%) pregnancies 
of unknown location 74 (Table 39.19). 









The role of ultrasound in predicting an abnormal pregnancy outcome 


Table 39.19 Range of possible outcomes with an initial 
diagnosis of PUL 

1. 45-50% pregnancies resolve spontaneously and the initial 
true origin will never be identified 

2. 8-14% are due to ectopic gestations 

3. 27-47% evolve into normal intrauterine pregnancies 


THE ROLE OF ULTRASOUND IN 
PREDICTING AN ABNORMAL 
PREGNANCY OUTCOME 


Ultrasound bias and loss of reassurance: 
the ultrasound conundrum 


With the increasing use of transvaginal ultrasound the background 
loss rate of early pregnancies is higher than had been observed 
using the transabdominal route. This is obviously not causative but 
due to the fact that earlier pregnancies in which the background 
loss rate is known to be high are now being scanned. 

With the use of transabdominal ultrasound the visualisation of 
an embryo with cardiac activity was very reassuring due to the size 
of the viable embryo when visualised (10 mm, i.e. a gestational age 
of 7 weeks and 2 days). This is not the case with transvaginal ultra¬ 
sound, when even with the identification of cardiac activity, 30% of 
pregnancies with symptoms of miscarriage and 15% without symp¬ 
toms will miscarry. 75 

Ultrasound in the prediction of early 
pregnancy loss 


Many parameters have been investigated both singly and in com¬ 
bination in attempts to predict those pregnancies that will result in 
miscarriage. First trimester ultrasound has become a means of pre¬ 
dicting an abnormal outcome not only in the presence of a live 
embryo but also before visualisation of the embryo itself. There are 
findings which can be used to identify a subgroup of embryos at 
high risk of embryonic demise or subsequent diagnosis of fetal 
anomaly that require close follow-up. 

The embryonic heart rate: 
embryonic bradycardia 

The demonstration of embryonic cardiac activity indicates that the 
embryo is alive at the time of the examination. An abnormally slow 
heart rate may predict impending demise. A single observation of 
an abnormally slow heart rate does not necessarily indicate subse¬ 
quent embryonic death, but a continuous decline of embryonic 
heart activity is inevitably associated with miscarriage. A heart rate 
of 100 bpm or higher is considered normal in embryos less than 
5 mm in CRL (Table 39.20). 

It is important not to lose the perspective of the presence of 
cardiac activity as the single most important diagnostic finding 
indicating that the embryo-fetus is alive at a particular stage. The 
presence of cardiac activity changes the prognosis in patients pre¬ 
senting with threatened miscarriage from a 50% rate of pregnancy 
failure to much more favourable odds. 3 

Mean gestational sac diameter in relation to 
the crown-rump length 

The measurement of the MGSD should be 5 mm greater than the 
CRL. The term 'first trimester oligohydramnios' is a misnomer; the 
fluid is in the chorionic space. The term refers to the appearance of 


Table 39.20 The risk of demise related to the heart rate 
in embryos less than 5 mm 

A heart rate of less than 80 bpm was universally associated 
with subsequent embryonic demise 

A heart rate of 80-90 bpm was associated with a 64% risk of 
demise 

A heart rate of 90-99 bpm was associated with a 32% risk 
A heart rate of 100 bpm or more was associated with an 
11 % risk 



Figure 39.63 A dichorionic twin with vanishing twin in one sac 

(thin arrow) and first trimester low fluid volume in the second sac 
(block arrow). 


a small sac relative to the size of the embryo (Fig. 39.63). When the 
difference between the MGSD and the CRL was less than 5 mm a 
poor outcome occurred in one study in 94% of patients. This meas¬ 
urement has been used to predict pregnancy outcome with varying 
degrees of accuracy. 43 

Yolk sac size and shape 

Yolk sac abnormalities either in terms of abnormal size or shape 
may predict an abnormal outcome in pregnancies that are other¬ 
wise completely normal. 

Yolk sac size 

The yolk sac is often demonstrated on transvaginal ultrasound 
when the MGSD is 5-6 mm and it should always be visualised 
when the MGSD is at least 8 mm. The yolk sac grows at a rate of 
0.1 mm per millimetre of growth of the MGSD before 15 mm 
MGSD, after which it grows at a rate of 0.03 mm per millimetre of 
growth of the MGSD. Variations in the yolk sac either too small 
(<2 mm) or too large (>6 mm) are associated with an increased risk 
of abnormal outcome (Fig. 39.64). 12,77 

Yolk sac shape 

The degeneration of the secondary yolk sac (SYS) coincides with 
the initial production of urine by the metanephros. 78 Variations in 
SYS size and sonographic appearance in most abnormal pregnan¬ 
cies are probably the consequence of poor embryonic development 
or embryonic death rather than being the primary cause of early 
pregnancy failure (Fig. 39.65). It is usually the yolk sac that is 
found to persist inside the gestational sac after embryonic demise 
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Figure 39.66 An abnormally shaped sac containing remnants of 
the amnion (thin arrow) and a nubbin of tissue likely to be the 
contracted yolk sac (black arrow). 


Figure 39.64 A yolk sac measuring 7 mm in size, there was no 
embryo within the gestation sac. 



Figure 39.65 A bizarre shaped gestation sac (arrowhead) and 
an echogenic yolk sac (thin arrow). 



Figure 39.67 A very typical haemorrhagic corpus luteal cyst 

showing internal ‘spiders web reticulation’. 


- 'nubbin of tissue' (Fig. 39.66). 3 A persistently abnormal yolk sac 
shape is a predictor of abnormal outcome. 79 However, if the yolk 
sac is crenated or irregular, caution must be exercised if all other 
features of the pregnancy are normal. The outcome appears to 
depend on the appearance of the yolk sac on follow-up examina¬ 
tion. 79 When the shape reverts to normal the outcome is nearly 
always normal. When the yolk sac shape remains abnormal, the 
embryos are at increased risk of embryonic demise or fetal anomaly. 

Care must be taken to avoid being too rigid about predicting a 
poor outcome on the basis of a single ultrasound feature at a single 
moment of time. Making a prediction of outcome on very early 
features in particular is to be avoided and is not a reassuring prac¬ 
tice for patients or sonologists. It is far more reassuring to wait and 
perform a single diagnostic scan at a later stage when a much more 
robust prognosis can be given (See Table 39.21). 


FIRST TRIMESTER MASSES 


Ovarian masses 


The corpus luteum forms in the secretory phase of the menstrual 
cycle and increases in size if pregnancy occurs, secreting 


Table 39.21 Prognostic significance of sonographic 
milestones on transvaginal scanning (TVS) 

Subsequent 



loss rate 

TVS demonstration of gestation sac 

11.5% 

TVS demonstration of a yolk sac 

8.5% 

TVS demonstration of an embryo <5 mm 

7.2% 

in size 


TVS demonstration of an embryo 

6-10 mm in size 

3.3% 

TVS demonstration of an embryo >10 mm 

0.5% 

in size 



progesterone to support the pregnancy until the placenta can take 
over its hormonal function. The normal corpus luteum of preg¬ 
nancy is a thin-walled, unilocular cyst less than 5 cm in diameter. 

The commonest mass seen in the first trimester of pregnancy is 
the corpus luteal cyst, which may vary considerably in appearances. 
Corpus luteal cysts may be large, often more than 10 cm in diam¬ 
eter. The cyst may have internal septations and echogenic debris 
due to haemorrhage (Fig. 39.67). 













First trimester masses 




Figure 39.68 This rather suspicious looking mass was 

removed at 16 weeks and was histologically confirmed as a 
decidualised endometriotic cyst. 


Figure 39.69 A large pedunculated fibroid which became 
extremely painful at 16 weeks and underwent necrotic cystic 
change (thin arrow). 


Corpus luteal cysts usually regress or decrease in size on 
follow-up sonographic examination at 16-18 weeks menstrual 
age. 80 Not all cysts regress, however, and differentiation from a 
pathological cyst may be impossible. The evaluation of an ovarian 
cyst in pregnancy should follow the same technique of assessment 
and diagnosis as a cyst in the non-pregnant pelvis (Fig. 39.68). 80 All 
cysts should be followed to assess change in size. Malignant ovarian 
neoplasm associated with pregnancy is rare. Torsion, rupture or 
dystocia due to cyst size are not. If surgery is indicated then it is 
usually performed in the second trimester, when the likelihood of 
inducing premature labour is considered to be lowest. 81 

Fibroids 


Approximately one-third of women experience fibroid growth in 
the first trimester; the remaining women have stable or reduced 
fibroid size during pregnancy. 82 Changes in the uterine blood 
supply may render a fibroid ischaemic and produce painful acute 
necrosis and cystic degeneration (Fig. 39.69). Calcification with 
acoustic shadowing may be either central in nature or peripheral in 
location, which is more common after fibroid embolisation. Of great 
importance is the sonographic differentiation between a fibroid and 
a myometrial contraction. The echo texture of a fibroid may be 
hypoechoic, hyperechoic or isoechoic relative to the normal myo¬ 
metrium. A contraction will be of the same echogenicity as the rest 
of the myometrium and it will resolve/change over the course of 
the scan. 

Fibroids may produce problems in all three trimesters: 

1. Spontaneous miscarriage in the first trimester is more 
common due to abnormal placentation. 

2. There is an increased risk of placental abruption, antepartum 
haemorrhage, retained placenta, postpartum haemorrhage 
and premature rupture of the membranes. The risk of 
abruption appears to be related to the size and location of the 
myoma; it is substantially increased if the myoma is large, e.g. 
>6 cm) or subjacent to the placental site (Fig. 39.70) 

3. In the third trimester there may be fetal compression 
deformities and malpresentation, particularly with cervical 
fibroids (Fig. 39.71). 
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Figure 39.70 A retro placental fibroid (arrow). The echotexture 
is hypoechoic relative to the normal myometrium. 
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Figure 39.71 A cervical fibroid which may produce dystocia. 
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GESTATIONAL TROPHOBLASTIC DISEASE 

Gestational trophoblastic disease (GTD) can be a source of confu¬ 
sion. This confusion is due to varied terminology and to the exist¬ 
ence of conditions that mimic this pathology 
Histologically there are different disease entities: 

1. complete mole 

2. partial mole 

3. invasive mole 

4. placental site trophoblastic tumours 

5. choriocarcinoma. 

Complete hydatidiform mole 

Classically patients with complete hydatidiform mole present with: 

1. vaginal bleeding 

2. uterine enlargement greater than expected for gestational age 

3. an abnormally high level of serum P-hCG. 

Medical complications include pregnancy-induced hypertension, 
hyperthyroidism, hyperemesis, anaemia and the development of 
ovarian theca lutein cysts. 

A classical mole may coexist with a normal fetus and placenta in 
cases of molar transformation of one ovum in a dizygotic twin 
pregnancy. 83 

Molar changes can be detected from the second month of preg¬ 
nancy by ultrasound, which reveals a uterine cavity filled with 
multiple sonolucent areas of varying size and shape ('snow-storm' 
appearance) without associated embryonic or fetal structures (Fig. 
39.72). 84 This classical sonographic description of complete mole 
applies to pregnancies between 9 and 12 weeks of amenorrhoea. 
However, the vast majority of complete and partial moles abort 
spontaneously during the first trimester of pregnancy. The sono¬ 
graphic appearances are usually non-specific, most often resem¬ 
bling a failed intrauterine pregnancy (Fig. 39.73). 85 The incidence 
of molar pregnancies has been estimated to be 1 per 41 
miscarriages. 86 

Theca lutein cysts secondary to the very high (3-hCG levels may 
be diagnosed in up to 50% of cases, producing either a 'soap bubble' 
or a 'spoke wheel' appearance of the ovaries (Fig. 39.74). The 
ovarian hyperstimulation and enlargement of both ovaries may 



Figure 39.72 A large uterus, endometrial cavity packed with 
material which is cystic (arrow) in nature. 


subsequently lead to ovarian torsion or rupture of theca lutein cysts. 
With earlier diagnosis, the incidence of all complications has 
decreased. 

Partial hydatidiform mole (PHM) 


This type of molar pregnancy involves the combination of a fetus 
with localised placental molar degenerations (Fig. 39.75A and B). 

Vaginal bleeding has been reported in both types of triploidy in 
the first or second trimester with a total incidence of 47%. Diandric 
triploidies are associated with a higher miscarriage rate than 
digynic triploidies. 

The phenotypic expression of both diandric and digynic triploidy 
includes growth restriction which will be found in over 70% of cases 
and in over 80% of these fetuses the growth restriction will be sym¬ 
metrical. Structural defects are seen in over 90% of triploid fetuses 
(Table 39.23). 

Early molar change must be differentiated from hydropic degen¬ 
eration of the placenta. Hydropic changes within the placenta may 
occur in 1-3% of all pregnancies. Histologically the chorionic villi 



Figure 39.73 Abnormal expansion of the endometrial cavity 

by heterogenous material some of which is cystic in nature (arrow). 
Histology confirmed a complete mole. 



Figure 39.74 The right ovary demonstrates a classic soap 
bubble appearance typical of theca lutein cyst formation. Note the 
abnormal uterine cavity. 










The ultrasound diagnosis of retained products of conception 



Table 39.22 The pathological characteristics of complete 
(CHM) and of partial (PHM) hydatidiform mole 


CHM 

PHM 

Chromosomal 

Diploid 

Partial moles are 

complement 

chromosomal 

almost always 


complement 

triploid 

Origin of 

Paternal genome 

Diandric due to two 

chromosomes 

as a result of 

sets of 


fertilisation of an 

chromosomes of 


oocyte by a 

paternal origin (% 


diploid 

of all triploidies) 


spermatozoon 

Digynic origin due 
to a double 
maternal 
contribution 

Chorionic villi 

Marked oedema 

Marked oedema 


and enlargement 

and enlargement 

Villous blood 

Disappearance of 


vessels 

the villous blood 
vessels 


Trophoblast 

Proliferation of the 

Focal trophoblastic 


lining trophoblast 

hyperplasia 

Fetal tissue 

Absence of fetal 

Presence of fetal 


tissue 

tissue 


Table 39.23 Structural defects associated with triploidy 

1. Central nervous system: agenesis of the corpus callosum, 
Dandy-Walker malformation, holoprosencephaly, spina 
bifida 

2. Facial: cleft lip, micrognathia, hypertelorism 

3. Cardiovascular: ventricular septal defect, atrial septal defect 

4. Genitourinary: renal agenesis, multicystic kidneys, and 
hypospadias 

5. Intrauterine growth retardation, cystic hygroma, 
omphalocele, club foot, syndactyly, sandal gap 


may be engorged but proliferation of the lining trophoblast is not 
seen (Fig. 39.76). 87 


THE ULTRASOUND DIAGNOSIS OF 
RETAINED PRODUCTS OF CONCEPTION 

Scan requests for retained products of conception pose a very sig¬ 
nificant time and financial burden on ultrasound departments. The 
management of this problem is compounded by the fact that there 
is no consensus agreement as to the appearance of the endometrium 
that is consistent with retained products of conception, either in 
terms of actual endometrial thickness or abnormal morphology 
such as an echogenic mass (Fig. 39.77). As a consequence reliance 
on the use of sonography to diagnose retained products of concep¬ 
tion is associated with an unacceptably high false positive rate. 

Various studies have suggested endometrial measurements 
varying from 15 to 25 mm but studies have shown that many of 
these levels are neither sensitive nor specific enough to be of 
benefit. 88 Other studies have considered the morphological appear¬ 
ances of the postpartum endometrium (the presence of an echo¬ 
genic mass) (Fig. 39.79) and yet others have factored the use of 
Doppler into algorithms for diagnosis (Fig. 39.78). 89 Even if a con¬ 
sensus could be reached in terms of definition of terms there would 
still be problems with rigid application of limits to ultrasound 
measurements of endometrial thickness. It has been shown that 
even in women with endometrial thickness <10 mm on preopera¬ 
tive ultrasound scan, chorionic villi have been detected on histo¬ 
logy. This group of women would not have fulfilled any of the 
sonographic definitions for diagnosis. Conversely, many women 
have quite thickened endometria but do not consider the blood 
loss they are experiencing to be significant in terms of amount or 
duration. 

More importantly, women with incomplete miscarriages who 
present for the first time with a relatively thin endometrium on 
ultrasound scan are likely to be classified as having pregnancies of 
unknown location. 90 These women are often perceived as being at 
risk of having ectopic pregnancy and they are routinely followed 
by serial blood tests to measure the dynamic of hCG levels. 

The diagnosis of retained products is a very pertinent example 
of the necessity to perform a scan only for a good clinical reason. 
What is likely to be more important is what the endometrium looks 
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Figure 39.76 Hydropic degeneration of the placenta which 
sonographically may be indistinguishable from molar change. 



Figure 39.77 A small but very echogenic mass of tissue high 
up in the fundus of the uterus. 



Figure 39.78 Abnormal flow persisting in the underlying 
myometrium extending into the abnormal endometrial tissue. 



Figure 39.79 Expanded endometrial cavity containing blood 
and an echogenic mass (arrow) consistent with RPOCS. 


like in a symptomatic woman but the symptomatology will require 
careful definition. The combination of clinical, ultrasound findings 
and serum biochemical markers may provide a much more logical 
approach to establishing the diagnosis of incomplete miscarriage 
and planning further management. 91 


THE NON-SURGICAL MANAGEMENT OF 
ECTOPIC PREGNANCY 


The success of high quality transvaginal ultrasound and sensitive 
assays for (3-hCG levels has resulted in earlier diagnosis of ectopic 
pregnancy and facilitated the diagnosis of non-tubal ectopics at a 
stage in their evolution when surgery is not always the most appro¬ 
priate treatment. 

Methotrexate is an antimetabolite chemotherapeutic agent 
which interferes with DNA synthesis and disrupts cell multiplica¬ 
tion. This drug has long been used in the treatment of gestational 
trophoblastic disease so extending its role to the treatment of tro- 
phoblast problems was a relatively easy step to take. Methotrexate 
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Table 39.24 Factors that may influence methotrexate 

therapy 

Patient factors to be considered prior to 

methotrexate therapy: 

1. Patient must be haemodynamically stable: no active 
bleeding, no haemoperitoneum 

2. Patient must be reliable, compliant and able to return for 
follow-up; the importance of this cannot be overemphasised 

3. Patient must have no contraindications to the use of 
methotrexate such as immunodeficiency, liver disease, blood 
dyscrasias 

Sonographic factors that would be considered 

contraindications to methotrexate therapy: 

1. A p-hCG level >5000 IU/L (there is an inverse relationship 
between the (3-hCG level and the successful medical 
management of ectopic pregnancy 

2. Fetal cardiac activity 

3. Free fluid in the pouch of Douglas; however, even now this 
feature may not be as alarming as first thought 


has changed the management of non-tubal ectopic pregnancies, i.e. 
cervical, interstitial and scar ectopics, ectopic pregnancies, in 
which surgical treatment is notoriously difficult and dangerous 
(Table 39.24). 92 

Methotrexate regimens 


The most popular regimen is the single dose injection. This is an 
intramuscular injection. The dose of methotrexate used in this pro¬ 
tocol is relatively low dose and as a consequence side effects are 
few and there is no requirement for folinic acid rescue. 

Prior to therapy a baseline full blood count, renal and 
hepatic biochemical profiles as well as baseline (3-hCG level are 
determined. 

Monitoring of methotrexate therapy with (3-hCG levels has 
shown that there is a characteristic initial increase at day 3. This 
usually coincides with an episode of increased abdominal pain 
which is thought to be due to the separation of the trophoblast from 
the implantation site, i.e. tubal miscarriage, not tubal rupture. 

The level of (3-hCG starts to decline from days 4-7. There should 
be a drop of 15% from the initial baseline. If this drop in level occurs 
then treatment is deemed to be successful. Success rates reported 
in the literature range from 65% to 95%. In addition, the tubal 
patency and subsequent pregnancy rates are very encouraging with 
pregnancy rates of over 80% recorded. Even more importantly the 
rate of spontaneous intrauterine pregnancy has been quoted as 
over 80%. 93 

Failure of therapy is indicated by the following 

1. failure of P-hCG level to fall 

2. a plateau in P-hCG levels 

3. inadequate drop in levels at days 4-7. 

A second dose can be given and the reported requirement for 
further therapy in studies has varied from 3% to 27%. 

There have been studies looking at the sonographic features of 
ectopic pregnancies following methotrexate therapy. Interestingly 
in the cases in which therapy was successful there was an initial 
increase in size of the ectopic. This increase is postulated to be due 
to oedema, necrotic decidua or enlarging haematoma and such 
changes were not seen in cases in which therapy failed. An increase 
in pelvic fluid was seen in both successful and unsuccessful cases 
and was not considered a cause for alarm. 92 The tubal mass may 
not actually reduce in size until long after the (3-hCG level has fallen 
to zero. 
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tubo-ovarian, 682, 683f 
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modelling, 55 
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Adolescents, ovarian cysts, 1484, 1485f 
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abscess, 1464 
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anatomy, 632-633 
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computed tomography role, 642 
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discoid, 634, 634f 
embryology, 1464 
enlargement, 1475-1476, 1479f 
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post-liver transplantation, 213, 213f 
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imaging anatomy, 1464 
magnetic resonance imaging role, 642 
metastases, 640-641, 640f-641f 
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neuroblastoma, 637-640, 640f, 1459t, 
1464-1466, 1465f, 1465t 
normal appearances, 633, 633b, 633f 
phaeochromocytoma, 637, 638f-639f 
scanning techniques, 632-633 
staging, 1465t 
tumours, 635-641 
Adrenal rest cells, 603, 603f 
Adrenarche, 1470 

isolated premature, 1481 
Adrenocorticotrophic hormone (ACTH), 635 
testicular adrenal rest tumours, 603 
Adult polycystic liver disease (APLD), 97-98, 
98f 

Advanced Trauma Life Support (ATLS), 843 
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adrenal glands, 634 


gallbladder, 1375 
Mullerian duct, 1473 
pancreas, 1378 
renal, 1418, 1419f 

AIDS see Acquired immunodeficiency 
syndrome (AIDS) 

AIDS-related parotid cysts, 905 
AIUM/NEMA Output Display Standards 
(ODS), 51 

Alagille's syndrome, 216, 1371-1372, 1374f 
Albumin-coated microbubbles, 80 
Alcohol 

fatty liver, 105 
hepatitis, 121-122, 122f 
pancreatitis risk, 294, 301 
tumour ablation, 859-860 
Alcoholic liver disease, 216 
Aliasing, 28, 41, 41f, 74-75 
a-Fetoprotein (AFP) 

cirrhosis screening, 115-116 
hepatoblastoma, 1360-1361 
hepatocellular carcinoma screening, 154 
5-Alpha reductase agents, 581 
Amaurosis fugax, 941-942, 965 
Amenorrhoea, 1481-1482, 1481t, 1482b 
American Association for the Surgery of 
Trauma (AAST) 
liver injury scale, 835-836, 835t 
renal trauma, 839, 839t 
spleen trauma, 837-838, 838t 
American Joint Committee on Cancer (AJCC) 
classification, 921 
Amnion, 745, 745f, 750, 750f 
Amoebic colitis, 391-392, 400, 400f 
Amoebic liver abscess, 126-127, 127f-128f, 
145-146, 1364-1365 
Amoebomas, 400 
Amplitude, 3, 4f 

Amplitude modulation/power modulation 
(PM/AM), 82, 82f 
Ampullary carcinoma, 263 
Amyloid 
liver, 117 
renal, 452, 452f 
Amyloidosis, 1134 
Anal canal, 405-409 

anatomy, 406-407, 406f 
anorectal tumours, 407-408, 407f 
sepsis, 408, 408f 
sphincters see Anal sphincters 
trauma, 408, 408f 
ultrasound technique, 405-406 
Anal sphincters, 406-407, 406f 
abnormalities, 409, 409b 
solitary rectal ulcer syndrome, 409 
traumatic injury, 408 
Anaplastic carcinomas, thyroid, 879-880, 
880b, 880f 
Anastrozole, 706 

Anconeus epitrochlearis, 1141-1143 
Androblastoma, ovarian, 678 
Anencephaly, 746-747 
Aneurysm Detection and Management 
(ADAM) Veterans Affairs 
Cooperative Study Group, 775 

Aneurysms 

aortic see Abdominal aortic aneurysms; 
Aorta, aneurysms 
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carotid arteries, 974 
in children, 1301-1302 
dilatation, 1198 
of the extremities, 1117 
haemodialysis access, 1222 
hand/wrist, 1066-1067 
hepatic artery, 192, 192f 
iliac artery, 779, 780f 
mycotic, 775, 779 

peripheral arterial disease, 1211, 1212f 
popliteal artery, 1117, 1198, 1211, 1212f 
portal vein, 189 

posterior communicating arteries, 982f 
pulsatile neck masses, 974 
renal, 495-496, 496f 
renal arteries, 482-483, 483b, 483t 
splanchnic arteries, 791-792, 791f 
splenic artery, 342, 342f, 791-792, 791f 
splenic vein, 342 
tibial vessels, 1105 

transcranial Doppler ultrasound, 982, 982f 
Angiomatosis, 1120-1121 
Angiomyoleiomas, 1121 
Angiomyolipomas (AML) 
in children, 1461-1462 
liver, 149 

renal, 490, 502, 509-512, 509f-511f, 512b 
Angioplasty, 1210 
Angiosarcomas, 1121 
breast, 997 
spleen, 334, 336f 
Angiotensin, 473 
Anisakiasis, 379 
Anisotropy 

biceps tendon, 1037-1039, 1039f 
shoulder, 1030-1031, 1033f 
Ankle 

Achilles region, 1093-1095 
anatomy, 1093-1101, 1094b, 1094f 
anterior, 1094b, 1097-1098, 1097f-1098f, 
1105-1106 

bone problems, 1105-1106 
bursitis, 1102, 1102f 
calcific mass lesions, 1103 
disease processes, 1101-1107, 1107b 
enthesopathy, 1102-1103, 1103f 
interventional techniques, 1187-1190 
joint problems, 1104-1105 
lateral, 1094b, 1098-1100, 1099f-1100f, 1105 
medial, 1094b, 1096-1097, 1096f-1097f, 
1103-1105 

neurovascular bundle, 1105 
posterior, 1093-1095, 1094b, 1095f-1096f, 
1101-1103 

tendon tears, 1102, 1102f 
ultrasound technique, 1093-1101, 1101b 
xanthomata, 1103 

Ankle brachial pressure index (ABPI), 1199 
Annular ligament, 1046 
Annular pulleys, 1055-1056, 1057f, 1060-1062, 
1062f 

tears, 1063 

Anorectal tumours, 407-408, 407f 
Anterior communicating artery 
anatomy, 976 

transcranial Doppler ultrasound, 976-978 
Anterior talofibular ligament, 1099, 1099f, 
1105, 1105f 


Anticoagulant drugs, 170 
Antiplatelet drugs, 170 
Antral dyskinesia, 1386 
Anus 

ectopic, 1399 
imperforate, 1399, 1399f 
see also Anal canal 
Anxiety in biopsy patients, 848 
Aorta, 773 

abdominal see Abdominal aorta 
aneurysms, 773 (see also Abdominal aortic 
aneurysms) 
dissection, 789 
Aortic valve disease, 971f 
Aortocaval fistulae, 795 
Aperture control, 21, 21f 
Apophyseal injuries, 1505 
Appendagitis, epiploic, 402-405, 405f 
Appendicitis 

acute, 389-392, 390f, 392b 
in children, 389 
differential diagnosis, 391-392 
mesenteric lymphadenopathy, 389-390, 
391f 

occasions, 389 
perforation, 391, 391f 
pitfalls, 391-392 

in children, 389, 1395, 1396f-1397f, 
1397-1398, 1399b 
diagnostic efficacy, 1398 
isolated granulomatous, 394 
stump, 394, 394f 
Appendicoliths, 389-390, 390f 
Appendicular artery, 388 
Appendix, 388-394 

abscess, 391, 392f, 1397, 1397f 
adenocarcinoma, 393 
anatomy, 388, 389f-390f 
appendicitis see Appendicitis 
carcinoid tumour, 392-393 
in children, 1395-1398 
Crohn's disease, 394, 394f 
inflammation see Appendicitis 
lymphoma, 393 
mucocele, 392, 393f 
phlegmon, 391, 392f 
retrocaecal, 1398, 1398f 
tumours, 392-393, 393f 
ultrasound technique, 388-389, 389f 
Appendix testis, 595, 597f, 598 
Aqueous humour, 940-941 
Arachnoid cyst, 1279-1280, 1284 
Arcade of Frohse, 1044 
Arm 

muscles, 1139, 1140t, 1141f 
peripheral arterial disease, 1212-1214 
occlusive arterial disease, 1214 
Raynaud's disease, 1214, 1219f 
Takayasu's arteritis, 1214, 1218f 
thoracic outlet syndrome, 1213-1214 
ultrasound investigation, 1212-1214, 
1216f 

Artefacts, 61-76 

beam edge, 1126, 1127f 
beam width, 72-74, 72f-73f, 73b 
Chinese hat, 73, 74f 
comet-tail, 68, 69f 
contrast imaging, 88, 88f 


Doppler, 88 
flash, 1126, 1127f 
grating lobe, 73, 73f 
mirror image, 65-67, 67f 
missing echoes, 63, 63f 
multiple echoes, 65-68, 67f-68f 
noise, 61, 61b 

gain-related, 62f 
structured, 62f 
propagation, 88, 88f 
ranging, 74, 75f 
refractive, 68-70, 70f-71f 
reverberation, 67-68, 68b, 69f 
simple renal cysts, 487, 487f 
in rheumatological ultrasound, 1126, 1127f 
scattering, 61-63, 62f 
shadowing, 64f 
edge, 65, 66f 

and increased sound transmission, 
64-65, 64f, 65b 
reflective, 65f 
refractive, 65, 66f 
types of, 64t 

specular interfaces, 61-63, 62f, 64b 
testis, 595-598 

in three-dimensional scanning, 75 
time sampling problems, 74-75, 74b 
velocity errors, 68-72, 70f, 70t, 71b 
Arteriography 

hypertension in children, 1455-1456 
penis, 625-626 
Arteriovenous fistula 
acquired, 192 
in children, 1301-1302 
orbital, 960-961 
post-renal biopsy, 457, 457f 
post-renal transplantation, 538-539, 541f 
renal, 481, 481b, 481f 

congenital, 481-482, 482f-483f 
post-traumatic, 481f 
traumatic, 1212, 1216f 
upper limb, 1241 

Arteriovenous malformations, 1120 
in children, 1301, 1351 
congenital, 1284 

renal, 481-482, 482f-483f, 495-496, 507 
and renal cell carcinoma, 513 
transcranial Doppler ultrasound, 982 
uterine, 695-696, 696f, 711-712 
Artery bypass, vein mapping, 1248-1249 
Arthritis 

mimics, 1133-1134 

monitoring disease progression, 1132- 
1133, 1132b 

ultrasound features of, 1127-1131 
see also specific types 
Arthrography, magnetic resonance see 
Magnetic resonance 
arthrography 

Arthropathy, inflammatory, 1025 
Arthroplasty, hip, 1071-1072, 1072f 
A-scan, eye, 941, 942f 
Ascariasis 

biliary, 266, 266f 
gallbladder, 250-251 
Ascaris lumbricoides, 250-251, 266 
Ascites, 808-812, 808f-809f, 811f 
bowel loops in, 810-811, 810f-811f 
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in children, 1401, 1401f 
gallbladder in, 242-243, 242f, 811, 812f 
loculated, 811, 811f 
malignant, 812, 812f-814f 
in ovarian tumours, 678 
subtle, 810-811, 811f 
Asherman's syndrome, 697, 709 
Asphyxia, perinatal, 1265 
Aspiration, 1169 

abscess, 1192, 1193f 
cystic lesions, 1192-1193 
diagnostic, versus drainage, 853 
ganglion cysts, 1178, 1179f 
hip, 1181-1184, 1184b, 1184f 
knee, 1185-1186, 1186f-1187f 
tibiofibular joint, 1187 
see also Drainage techniques 
Asplenia, 330, 331f, 1356 
Asteroid hyalosis, 949, 949f 
Astrocytomas, neonatal, 1333 
Asymptomatic Carotid Artery Surgery Trial, 
965-966 

Atelectasis, 1010-1011, lOllf 
in children, 1339-1340 
Atheroma, carotid arteries, 966 
Atherosclerosis 

abdominal aorta, 787, 788f 
grading, 788 
imaging, 788 

peripheral arterial disease, 1198 
signs, 788 
upper limb, 1214 
waveform appearance, 788, 788f 
Athletic groin pain, 1081-1082 
adductor muscles, 1081, 1082f 
anatomy, 1081, 1081f 
clinical overview, 1081 
normal ultrasound appearances, 1081 
role of ultrasound, 1082 
symphysis pubis, 1081, 108If 
ultrasound-guided intervention, 1082 
Attenuation, 11, lit, 13b 
Attenuation coefficients, 52, 52t 
Atypical ductal hyperplasia (ADH), breast, 
991 

Autoimmune pancreatopathy, 305-306, 305f 
Autonephrectomy, 463-464, 465f 
Autosomal dominant polycystic kidney 
disease (ADPKD), 97-98 
in children, 1436-1437, 1437f-1438f 
and pancreatic cysts, 1378 
Autosomal recessive polycystic kidney 
disease (ARPKD) 
in children, 1436, 1436f 
Axial resolution, 15 
Axillary artery, 1213 
Axillary vein, 1241 

Axilla staging in breast cancer, 997-999, 
998f-999f 

Axons, 1158 
Azathioprine, 529-530 

B 


Backscatter, 14 
Bacteroides spp., 124 
Bagel sign, 754-755, 755f 


Baker's cyst, 1089, 1090b, 1090f, 1115 
paediatric, 1510, 1510f 
Bandwidth, 18 
Barbotage, 1037, 1038f 

of calcific supraspinatus tendinopathy, 
1172, 1172b, 1172f 

Barcelona Clinic Liver Cancer (BCLC) 
classification, 172 
Barlow test, 1497-1498, 1498f 
Barrett's oesophagus, 356, 358f 
Bartonella hensellae, 133-134 
Basilar artery, 1259t 
anatomy, 976 

transcranial Doppler ultrasound, 976 
Basilic vein, 1043 

bypass grafts, 1207-1208 
Basivertebral veins, 1320-1322 
Baum's bumps, 940, 941f 
Beak sign, simple renal cysts, 487, 487f 
Beam edge artefacts, 1126, 1127f 
Beam former, 21, 23b 
Beams, 6, 17 

electronic focusing, 21, 21f 
steering, 19f, 20, 42, 43f 
width of, 17 

Beam width artefacts, 72-74, 72f-73f, 73b 
Behcet's syndrome, 379t 
Benign lymphoepithelial lesions (BLELs), 
904-905, 906b 

Benign prostate hyperplasia/hypertrophy 

(BPH), 579-581, 580t, 581f-582f, 
583t 

Benign sternomastoid tumour of infancy, 
1302, 1303f 

Berardinelli-Seip syndrome, 116 
(3-human chorionic gonadotropin ((3-hCG), 

758 

Bezoars, 1387, 1387f 

Biceps femoris, 1075, 1091, 1091f 

Biceps tendon 

anatomy, 1043, 1044f 
dislocation, 1039, 1039f-1040f 
injury, 1048, 1048f-1049f 
long head of 
anatomy, 1030 
fatty atrophy, 1039, 1039f 
normal, 1032f 

pathology, 1037-1039, 1039f 
Bicipital groove, 1030-1031, 1032f 
Bicipitoradial bursitis, 1050, 1050f 
Bifid median nerve, 1159, 1160f 
Bile 

echogenic, 240-241, 241f-242f 
leaks, post-liver transplantation, 212, 

221 

milk of calcium (limy), 240 
volume increase, 256 
Bile ducts, 94-95 

anastomosis, strictures, 211, 212f 
anatomy, 227, 229f, 234f 
ascariasis, 266, 266f 
biliary epithelial dysplasia of, 150 
Caroli's disease, 264-265, 266f 
in children, 1356-1375 
cholangiocarcinoma, 156-160 
choledochal cysts, 263-264, 265f-266f 
choledocholithiasis see Choledocholithiasis 
diameter changes, rapid, 255-258 


dilatation, 254-255, 254f-256f, 1372 

post-liver transplantation, 211, 220, 221f 
ultrasound signs, 254, 255f 
without jaundice, 255 
gallbladder distension, 256-258, 257f 
gas in, 259, 260f 
hypoplasia, 216 

injury, intraoperative ultrasound, 279 
jaundice see Jaundice 
measuring, 189, 234-236, 235f 
neoplasms, 261-263, 261f-265f, 1372-1375 
normal anatomical variants, 227-228, 
234f-236f 
obstruction, 1372 

pancreatitis complications, 299 
without dilatation, 255 
oriental cholangiohepatitis, 265-266 
pathology, 253-267 
sclerosing cholangitis, 267, 267f 
spontaneous perforation, 1370, 1373f 
stones see Choledocholithiasis 
strictures, 212f 
Biliary ascariasis, 266, 266f 
Biliary atresia 

congenital extrahepatic, 216 
extrahepatic, 1368-1369, 1369f-1370f 
Biliary atresia-splenic malformation 

syndrome, 1368-1369, 1370f 
Biliary cirrhosis, 115, 116f, 154 
post-liver transplantation, 216 
Biliary epithelial dysplasia of the intrahepatic 
bile ducts, 150 

Biliary sludge, 240-241, 241f-242f, 1375, 1375f 
Biliary system 

cystadenocarcinoma, 161 
cystadenoma, intrahepatic, 149-150 
hypoplasia, 1371-1372 
rhabdomyosarcoma, 1374f 
Biliary tree 

anatomy, 228f 

endoscopic ultrasound, 236, 236f 
intraoperative ultrasound, 279-280, 280f 
laparoscopic ultrasound, 236, 273 
liver transplantation complications, 
211-212, 220-221, 221f 
normal anatomy, 227 
ultrasound technique and appearance, 
228-236 
Bilirubin, 1367 
Biometry 

eye, 958, 958f 
first trimester, 748-749 
Biomicroscope, ultrasound 
eye, 942 
Biopsies, 1169 

bone lesions, 1191-1193, 1192f 
breast, 1000-1002, lOOlt, 1002f 
cervical lymph nodes, 934-935, 935b 
coaxial technique, 850 
core see Core biopsy 
fine-needle aspiration see Fine-needle 
aspiration (FNA) 
general principles, 847-853 
hepatocellular carcinoma, 154 
large-bore vacuum-assisted, 1001-1002, 
lOOlt 

liver, 167-170 

complications, 170, 170b 
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image-guided approach, 167-168, 168f 
indications, 169, 169b, 169f 
patient management, 170, 170b 
percussion-palpation approach, 167 
quality of specimen, 168-169 
technique, 167-169, 168t 
type of needle, 168 
lungs, 1017-1018 
needle guides, 852, 852f 
needle tip visualisation, 850-852, 851b, 
851f-852f 

omental, 720-722, 721b, 721f 
complications, 722 
method, 720-721 
rationale, 720 

pancreas, 290, 318-319, 318f, 319b 
complications, 318-319 
indications, 318 
results, 318 
techniques, 318 

patient selection/preparation, 847-848 
post-procedural care, 853 
pre-procedural assessment, 848 
procedural planning and ergonomics, 852, 
852f 

prostate, 587-591, 589b 

abscess/cyst drainage, 591 
post-prostatectomy bed, 590-591, 591f 
principles, 587-590, 590f 
seminal vesicles/ejaculatory ducts 
injection, 591 
renal, 455-458 

complications, 456-457, 457f 
contraindications, 455-456 
indications, 455-456 
renal transplant, 457-458 
technique, 456, 456f 
safety/complications, 853 
small bowel, 385, 386f 
soft tissue masses, 1191-1192, 1191b, 1192f 
specimen handling, 852-853, 853f 
spleen, 345 
track seeding, 853 
Tru-cut, 318 

Birth-related brain injury, 1285, 1289f 
Birth weight, epidemiological studies, 56 
Bladder, 550-571 

adenocarcinoma, 561-562 
anatomy, 550-551 
cancer, 561, 562t 

invasion from adjacent tumours, 
565-566, 566f 

staging, 563-564, 563b, 564f-565f 
tumour detection, 562-563, 563f 
tumour follow-up, 564-565, 565f 
catheter balloon puncture, 569 
in children, 1409, 1413f-1414f, 1422-1428 
colour duplex imaging: ureteric jets, 551, 
553f 

conduits, 568 

contrast imaging, 85, 552-553 
development, 1407-1409, 1408f 
diverticula, 566, 567t, 1425, 1429f 
ears, 1425, 1429f 
emptying (residue), 553-556 
endocavity ultrasound, 551 
endometriosis, 568 
extrinsic masses, 567-568, 567f 


fistulae to the, 566, 567t, 568 
flowmetry, 554-555, 555f 
flow patterns, 555-556, 555b 
foreign bodies, 556-558, 558f-559f 
gross anatomy, 550 
harmonic imaging, 551-552 
infection, 568, 568b 
inflammation, 568 
leiomyosarcoma, 562 
lower urinary tract symptoms, 553, 553b 
lumen, 556-559 
lymphoma, 562 
masses, 561-566 
megacystis, 1425 
metastases, 562 
microscopic anatomy, 550-551 
neck, cysts, 581 
neurogenic, 1425, 1430f 
normal sonographic appearance, 576 
outflow obstruction, 560, 562b, 562f 
pelvi-ureteric dilatation, 436-438 
partial resections, 568 
pathology outside the bladder, 566-568 
postoperative conditions, 568 
pregnancy-related pathology, 568 
procedures, 569 
rhabdomyosarcoma, 562 
squamous cell cancer, 561-562 
stones, 556, 557f 
suprapubic catheterisation, 569 
transabdominal imaging, 551, 552f 
transitional cell carcinoma, 431 
trauma, 569, 569b, 841 
tumours, 561-566 

ultrasound technique, 1409, 1413f-1414f 
urachus, 559, 561f 
ureteroceles, 558-559, 560f-561f 
urothelium, 551 
volume, 553-556 
assessment, 1413f 
estimation, 554f 

accuracy of, at different volumes 
and in bladder shapes, 554 
calculating, 554b 
technology comparisons, 554 
wall, 560 

thickness, 1414f 

Blake's pouch cyst, 1279-1280 

Blood clot 

pelvi-ureteric dilatation, 434 
see also Thrombosis 

Blood flow see specific organs; specific vessels 

Blood supply 
ovaries, 648 
prostate, 574 
seminal vesicles, 574 
small bowel, 371 
uterus, 649 

see also specific organs; specific vessels 

B-mode imaging, 17f, 18b 
aortic dissection, 789 
artefacts in, 61-76 

hypoxic ischaemic encephalopathy, 1266 
image processing, 23, 23f, 25b 
instrumentation, 25b 
parameters, 32, 34-40, 39b 
adaptive processing, 38-40 
depth, 36, 37f 
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dynamic range, 36, 36f-37f 
focus, 36, 38f 
frequency, 36 
gain, 34, 35f 
harmonics, 37, 38f 

spatial and frequency compounding, 
37-38, 39f 

time gain control/depth gain control, 
35, 35f 

zoom, 36-37, 38f 
penis, 623-624 
Peyronie's disease, 628 
priapism, 627 
principles, 17-18 
pulse-echo cycle, 17f 
scanners, 32, 39b 

Bochdalek hernias, 1348-1349, 1350f 
Bone-at-focus thermal index (TIB), 54 
Bone(s), 1029 

erosions see Erosions 
implications of heating, 53 
lesions, biopsy, 1191-1193, 1192f 
Bosniak renal cyst classification system, 488, 
488t, 489f, 492 

Bowel 

large see Colon 
small see Small bowel 
Boxer's knuckle, 1060-1062 
Brachial artery, 1043, 1213, 1216f 
Brachialis muscle, 1043 
Brachial neuritis, 1037 
Brachial plexus, 911-912, 912f 
Brachytherapy 

ocular melanoma, 952-953 
tumour ablation, 860, 860f 
Brain 

neonatal see Neonatal brain 
see also specific anatomical areas 
Brain death evaluation, 983, 1290, 1290f 
Branchial cleft cyst, 908, 908b, 909f-910f 
Branchial cysts, 905, 1296-1297, 1297f-1298f 
BRCAl-related tumours, 996 
Breast, 987-1004 
abscess, 989, 989f 
benign pathology, 987-993, 989b 
cystic lesions, 987-989, 988f-989f 
solid lesions, 989-993, 990f-992f 
cancer see Breast, malignant pathology 
complex sclerosing lesions, 992-993 
core biopsy, 1001, 1002f 
equipment, 987 
fat necrosis, 988, 988f 
fibroadenoma, 990-991, 990f 
fine-needle aspiration, 1001 
galactoceles, 988, 988f 
hamartoma, 991 
implants, 1000, lOOOf 
infection, 989 

large-bore vacuum-assisted biopsy, 
1001-1002 
lipoma, 991, 991f 

malignant pathology, 993-1000, 993b, 994f 
angiosarcoma, 997 
assessment of response after 
chemotherapy, 999 
axilla, 997-999, 998f-999f 
BRCAl-related tumours, 996 
classification, 993-996 
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contrast imaging, 993 
cribriform carcinoma, 995 
diagnostic techniques, 993 
Doppler imaging, 993 
ductal carcinoma in situ, 996, 996f 
ductal carcinoma of no special type, 
993-995 

elastography, 993 
focality, 997 
impalpable, 1002 
intraductal extension, 997, 998f 
invasive carcinomas, 994f 
lobular cancer, 995 
medullary carcinoma, 995 
metaplastic carcinoma, 996 
metastases to the breast, 997, 997f 
mucinous cancer, 995 
papillary carcinoma, 995, 995f 
screening, 999-1000 
size, 997 

staging operable cancer, 997-999, 
998f-999f 
tubular cancer, 995 
ultrasound computer-aided 
classification, 993 
oil cysts, 988 

papillary lesions, 991-992, 992f 
papillomas, 992, 992f 
phyllodes tumours, 990-991, 991f 
radial scars, 992-993 
screening, 999-1000 
simple cysts, 987-988, 988f 
technique, 987 

ultrasound-guided biopsy, 1000-1002, 
lOOlt, 1002f 

wire localisations of impalpable lesions, 
1002 

Breech delivery, 1330 

Brenner (transitional cell) tumours, ovarian, 
674, 674f 

Bridging vascular sign, fibroids, 691 
British Medical Ultrasound Society (BMUS) 
guidelines, 57-58 
Broad ligament, 660 
Bronchial walls, 1014 
Bronchogenic carcinoma, 1007 
Bronchogenic cysts, 1299, 1348, 1348f 
Bronchopulmonary sequestration, 1342, 
1343f 

Brucellar liver abscess, 126 
Brucellosis, 126 
Bruits, 965-966 
Bruxism, 906 
Buccal fat pad, 907, 907f 
Buccal region, 898-907, 900f 
lymph nodes, 924, 925f 
pathology, 906-907 
Buck's fascia, 621 

Budd-Chiari syndrome, 193-195, 196f, 202, 
202f, 1367 

post-liver transplantation, 215 
Bulbar artery, 621 
Bursae, 1115-1116, 1134, 1134f 
adventitial, 1134 
synovial, 1134 
Bursitis 

ankle, 1102, 1102f 
bicipitoradial, 1050, 1050f 


deep infrapatellar, 1089 
elbow, 1050 
in enthesitis, 1131 
olecranon, 1050, 1051f, 1134, 1134f 
perigluteal, 1184 
subacromial, 1036-1037, 1036f 
Butterfly wings sign, 808, 809f 
Bypass graft, cephalic vein, 1207-1208 

C 


CA125, ovarian cancer, 680 
Caecum, 369-370, 394-395 
tumours, 391-392 

Caesarean scar ectopic pregnancy, 758, 759f, 
760t 

Caesarean section scars, 697, 698f 
Calcaneofibular ligament, 1099, llOOf, 1105 
Calcification 
adrenal, 635 
extra-testicular, 611-612 
hepatic, 134, 134t, 135f 
kidneys, 451, 451b, 451f 
cortex, 446 
cysts, 491-492, 491f 
shadowing, 64-65 

soft tissue masses, 1111-1113, 1113b, 

1113f 

testicular, 607-608, 608f 
thyroid nodules, 870, 871f 
tunica albuginea, 611-612, 611f 
tunica vaginalis, 611-612, 611f 
Calcific myonecrosis, 1115 
Calcific tendinitis, 1037, 1037f-1038f 
Calculi 

bladder, 556, 557f 
gallbladder see Gallstones 
parotid gland, 904, 904f 
pelvi-ureteric dilatation, 430 
salivary, 1308 
staghorn, 430, 431f 
submandibular gland, 895-897, 896f 
see also specific areas 

Calf vein imaging, 1232-1233, 1232f-1233f 
deep vein thrombosis, 1236 
problems and pitfalls, 1234b 
Caliectasis, 1429 

Calyceal diverticula, 493, 494f, 1442f 
Calyceal system, dilated, 493, 494f 
Campylobacter colitis, 401 
Candida albicans 

neonatal brain infection, 1274, 1276f 
spleen, 339, 340f 
Candidiasis 

hepatosplenic, 339 
liver, 127-128, 128f 
renal involvement, 464, 1453, 1455f 
Capillary haemangioma, 334, 1120 
Captopril isotope renography, 474t-475t, 475 
Captopril test, 474t-475t, 475 
Carcinoid tumours 

appendiceal, 392-393, 393f 
gastric, 362, 364f 
small bowel, 381, 382f 
Cardiac shunts, 77 
CARDIOsphere, 79t, 80-81 
Caroli's disease, 264-265, 266f 


Carotid arteries 

anatomy, 966-967, 976 
aneurysms, 974 
atheroma, 941-942 
atypical symptoms, 966 
bifurcation, 967-968, 967f 
carotid body tumours, 909, 911f, 974, 975f 
direct measurement, 971-972, 971f 
disease, in children, 1301-1302 
dissection, 966, 974, 974f 
Doppler criteria, 969-971, 970t, 971f 
epidemiological studies, 966 
indications for ultrasound, 965-966, 966b 
ischaemic symptoms, 965-966 
neonatal brain, 1258-1259, 1259t 
occlusion, 973-974, 973f-974f 
plaque characteristics, 972-973, 972b, 972f, 
973t 

post-endarterectomy follow-up, 966 
pulsatile neck masses, 966, 974, 974b, 975f 
stenosis, 941-942, 970, 970f, 975t 
stents, 974, 975t 
in thyroid carcinoma, 873, 873f 
transcranial Doppler ultrasound, 976-983 
trauma, 966 

ultrasound technique, 967-968, 967b-968b, 
967f-968f 

Carotid body tumours, 909, 911f, 974, 975f 
Carpal joint injection, 1178, 1179f 
Carpal tunnel injection, 1177-1178 
Carpal tunnel syndrome (CTS), 1057, 
1064-1065, 1064f-1065f, 
1162-1163, 1164f 

Cartilaginous lesions in children, 1353-1354 
Cataract, 943, 943f 
Catheter angiography, 474, 474t 
Catheter drainage, 803f, 809-810 
Cat scratch disease, 133-134, 1364 
Cauda equina, 1318 

Caudal regression syndrome, 1327-1328, 
1329f 

Caudate nucleus, 1255 
Caval filters, 794, 794f 
Cavernosal arteries, 621, 622f, 623-624 
duplication, 624, 624f 
erectile dysfunction, 624 
Cavernosography, 625-626 
Cavernous haemangioma, 1120 
liver, 140-142, 141f-142f 
spleen, 334 

Cavitation see Acoustic cavitation 

Cavum septum pellucidum, 1257, 1280, 1282f 

Cavum vergae, 1257 

Cellulitis in children, 1352, 1352f 

Central precocious puberty, 1478-1480 

Central retinal artery, 942 

Central retinal vein, 942 

Cephalhaematoma, 1285 

Cephalic vein, 1043 

bypass grafts, 1207-1208 
Cerebellum, 1258 

Cerebral aqueduct stenosis, 1276-1277 
Cerebral arteries, 1258 
anatomy, 976 

colour Doppler imaging, 977 
neonatal brain, 1259t 
power Doppler, 977 

transcranial Doppler ultrasound, 976, 978 
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Cerebral oedema, 1287 
Cerebral perfusion reserve, 979 
Cerebrospinal fluid (CSF), 1274-1275 
flow, 1315 

hydrocephalus see Hydrocephalus 
Cervical ectopic gestation, 757-758, 758f-759f, 
758t 

Cervical lymph nodes, 920-937 

biopsy techniques, 934-935, 935f-936f 
classification, 921, 922b, 922f 
lymphatic circulation, 920-921 
malignancy assessment, 927-933 
angioarchitecture, 931-932, 932b, 
932f-934f 

cortex and hilum, 930, 930f 
echotexture, 928-930, 929f-930f 
location, 933 

margins of the node, 931, 931f-932f 
necrosis, 930-931, 931f 
shape, 928, 928f 
size, 927-928, 928f 

miscellaneous conditions involving, 934 
normal, in children, 1303-1304, 1304f 
structure and function, 920, 921f 
ultrasound in seven sweeps, 921-927 
anterior cervical nodes, 926-927, 

927f 

deep cervical chain/internal jugular 
chain, 924-925, 925f-926f 
parotid and buccal region nodes, 924, 
924f-925f 

posterior triangle, 926, 926f 
submandibular nodes, 922-923, 924f 
submental nodes, 922, 923f 
supraclavicular fossa/transverse 
cervical chain, 926 
Cervical nerve roots, 912, 912f 
Cervix, 712-715, 713f 
cancer, 714-715, 715f 
aetiology, 714 
bladder involvement, 568 
management, 715 
other investigations, 714-715 
staging, 715t 
symptoms, 714 
ultrasound appearances, 714 
clear cell tumours, 1488 
fibroids, 713, 714f 
incompetence, 714 
nabothian cysts, 713, 713f 
obstruction, 710, 711t, 712f 
polyps, 713 

scanning techniques, 687 
stenosis, 710 
symptoms, 688-689 
ultrasound anatomy, 653, 653f 
variation in age, 649, 649t 
Charcot-Marie-Tooth disease, 1166 
Chemotherapy 

assessment of response after, in breast 
cancer, 999 

ovarian cancer, 669, 720 
Chest 

indications in children, 1339 
normal anatomy, 1338-1339 
paediatric, 1337-1355 
ultrasound technique, 1337-1338, 1338f 
wall see Chest wall 


Chest wall, 1005-1007 
abscess, 1352f 
bony lesions, 1006-1007 
examination technique, 1005 
haemangioma, 1350-1351, 1352f 
haematoma, 1352 
lesions, 1350-1354 
masses, 1350-1353, 1351b 
paediatric, 1350-1354 
patient position, 1005 
peridiaphragmatic lesions, 1007, 1007f 
soft tissue lesions, 1005-1006, 

1006f-1007f 

technical requirements, 1005 
thoracic lymph nodes, 1007 
Children see Paediatric patients 
Chimney phenomenon, 1006-1007 
Chinese hat artefacts, 73, 74f 
Chlamydia trachomatis 
endometritis, 709 

epididymo-orchitis/ epididymitis, 614 
pelvic inflammatory disease, 682 
Cholangiocarcinoma, 156-160, 159f 
bile duct, 261-263, 261f-263f 
magnetic resonance 

cholangiopancreatography, 236 
metastases, 263 
post-liver transplantation, 216 
pre-liver transplantation ultrasound, 201 
Cholangitis 

recurrent pyogenic, 265-266 
sclerosing, 267, 267f 
Cholecystectomy 
laparoscopic, 237 
in liver transplantation, 1377 
Cholecystitis 

acalculous, 1375 
acute, 243-246 

acalculous, 246, 246f 
complications, 244 
emphysematous, 245-246, 246f 
halo sign, 243-244 
pericholecystic collection, 244-245, 
245f 

signs, 243-244, 244f, 244t 
chronic, 246-247, 247f 
carcinoma risk, 249-250 
gangrenous, 244, 245f 
Cholecystitis glandularis proliferans, 247 
Cholecystoses, hyperplastic, 247, 248f 
Choledochal cysts, 263-264, 265f, 1369-1370, 
1371f-1372f 

Choledocholithiasis, 258-261, 258f-261f 
diagnosis, 258-259 
gallbladder distension, 257f 
intraoperative ultrasound, 279-280 
presentation, 258 
Cholelithiasis see Gallstones 
Choleresis, 256 
Cholescintigraphy, 237 
Cholesterolosis, 247, 248f 
Chondroid tumours, thyroid cartilage, 917, 
918f 

Chondromatosis, synovial, 1123, 1123f 
Choriocarcinomas 
testicular, 599-600 
uterine, 696 
Chorion, 745, 745f 


Choroid, 940 

detachment, 946 
haemangioma, 954, 954f 
melanoma, 951-953, 951f-953f 
metastases, 953 
naevus, 954 
osteoma, 954, 954f 
Choroidectomy, 952-953 
Choroid plexus, 1255 
cysts, 1255 

Chronic exertional compartment syndrome 
(CECS), 1155-1156 
Chronic granulomatous disease, 133 
Churg-Strauss syndrome, 379t 
Chylo thorax, 1344 
Ciclosporin 

renal transplantation, 539 
in renal transplantation, 529-530, 536 
Ciliary body, 940 

melanoma, 951-953, 953f 
Circle of Willis, 977, 1258 
Cirrhosis, 111-116, 201f 
aetiology. 111, 112t 
associated findings, 115, 115f 
biliary, 115, 116f, 154 
causes of. 111 
in children, 1358, 1359f 
classification. 111 
definition. 111 
diagnosis, 112 

dysplastic nodules, 115, 115f, 154-156, 156f 
echotexture, 112, 113f 
hepatocellular carcinoma risk, 153-156, 
155f-156f 

liver morphology, 112, 112f 
macronodular, 200 
micronodular, 200 
portal hypertension in, 180-181 
portal vein thrombosis in, 188-189 
pre-liver transplantation ultrasound, 200, 
200f 

regenerating nodules, 112-114, 114f, 
154-156, 155f 
screening in, 115-116 
sonographic features, 115b 
surface nodularity, 112, 113f-114f 
Cisterna magna, 1320 
mega, 1279-1280 
Citrobacter, 1273, 1275f 
Clear cell tumours 
cervix, 1488 
ovarian, 674, 674f 
vagina, 1488 
Clefts, spinal, 1328-1330 
Clergyman's knee, 1089 
Climber's finger, 1060-1062, 1062f 
Clinical-Etiology-Anatomy-Pathophysiology 
(CEAP) classification, 1243, 1243t 
Cloaca, 1407-1409, 1408f 
anomalies, 1473, 1478f 
exstrophy, 1428 
malformation, 1428 
Clonorchiasis, gallbladder, 251 
Clonorchis sinensis, 251, 265-266 
Clostridium difficile, 400 
Clostridium spp., liver abscess, 124 
Clutter, 61 

Coagulative necrosis, 930, 931f 
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Coats' disease, 955, 955f 
Coccygeus, 647 
Coded excitation, 84 
Coeliac artery, 789, 790f 
stenosis, 789-791, 791f 
Coeliac disease, 385 

Cogwheel sign, pelvic inflammatory disease, 
682 

Colic veins, 388 
Colitis 

amoebic, 391-392, 400, 400f 
in children, 1399, 1400f 
differential diagnosis, 399t 
granulomatous, 1399 
infective, 399-401, 401b, 401f 
inflammatory see Crohn's disease; 

Ulcerative colitis 
ischaemic, 399t, 401, 402f 
neutropenic, 1399, 1400f 
pseudomembranous, 399t, 400-401, 1399, 
1400f 

tuberculous, 399-400, 399f, 399t 
typhlitis, 399t, 401, 401f 
ulcerative see Ulcerative colitis 
Yersinia enterocolitis, 399t, 401 
Collateral ligaments 

elbow, 1045-1046, 1046f, 1051, 1051f 

fingers, 1064b 

knee 

lateral, 1084, 1091 
medial, 1084, 1085f, 1090 
wrist, 1063-1064 
Collateral veins, 1235 
Collateral vessel formation, 206-207, 

206f 

Collecting duct carcinoma, 517 
Colloid cysts, 1309, 1310f 
Colon, 394-405 

adenocarcinoma, 402 
anatomy, 394-395, 395f 
ascending, 394-395 
in children, 1399-1401, 1399b 
colitis, 1399 

imperforate or ectopic anus, 1399 
necrotising enterocolitis, 1400, 

1401f 

neoplasms, 1400-1401 
normal anatomy, 1399 
colitis see Colitis 

congenital abnormalities, 395-396, 395f 
descending, 394-395 
diverticular disease, 395f-396f, 396-397 
right-sided, 397, 397f 
duplication cyst, 395-396, 395f 
endometriosis, 402, 404f 
epiploic appendagitis, 402-405, 405f 
haustrations, 395, 395f 
intussusception, 402, 405f 
lipoma, 402, 404f 
lymphoma, 402, 404f 
pseudo-kidney appearance, 402, 403f 
scanning technique, 394-395, 395f 
sigmoid, 394-395 
transverse, 394-395 
trauma, 841, 842f 
tumours, 402, 403f-404f 
Colorectal cancer, 275-276 
Colour blooming, 88 


Colour Doppler imaging, 28-29, 29f-30f 
abdominal aorta atherosclerosis, 788 
abdominal trauma, 830 
acute appendicitis, 389-390, 391f 
adenomyosis, 694-695 
adrenal glands, 637 
aortic dissection, 789 
appendix, 1396 
artefacts, 88 
before aspiration, 1192 
biliary tree, 279-280 
carotid arteries, 967, 969 
cerebral arteries, 977 
cervical lymphatic malformations, 
1295-1296 

cervical node vascularity, 932 
chronic venous insufficiency, 1244 
colitis, 1399 
colour blooming, 88 
Crohn's disease, 1392 
deep vein thrombosis, 1232, 1232t, 
1235-1236 
endoleaks, 785, 787f 
eye, 942, 942f 

gastro-oesophageal reflux, 1384 
gestational trophoblastic disease, 696-697 
hepatic artery pseudo-aneurysm, 208-209 
hepatic veins 
occlusion, 195 
stenosis, 210-211 

hepatocellular carcinoma, 155-156 
image processing, 30b 
instrumentation, 30b 
intussusception, 1390 
kidneys 

arteriovenous fistula, 481 
renal cell carcinoma, 513-517 
renal vein thrombosis, 448 
simple renal cysts, 487 
transplantation, 530-533, 531f 
trauma, 840-841 
knee joint effusion, 1088 
limitations of, 29-30 
liver 

adenoma, 145 
angiomyolipoma, 149f 
fibronodular hyperplasia, 142 
haemangiomas, 140 
transplantation, 199 
lung cancer, 1017 
ocular melanoma, 951-952 
ovaries 

lesions, 670 
torsion, 668, 1489 
pancreas, 288-290, 290f 
transplantation, 320 
tumours, 309 

parameters, 32, 40-44, 44b 

beam steering in linear arrays, 42, 43f 
box/area size, 42, 42f 
filter, 42-44 

flow settings - combination controls, 
44, 45f 
focus, 42, 43f 

frequency/patient type, 41, 42f 
gain, 40, 40f 
invert, 41, 41f 
persistence, 42-44 


post-processing, 42-44 
power, 40 
priority, 42-44, 44f 

scale/pulse repetition frequency, 40-41, 
40f-41f 

space/time, 42-44, 45f 
penis see Penis, stimulated colour Doppler 
ultrasound 

peripheral veins, 1229-1232, 1230f-1232f 
Peyronie's disease, 628 
portal veins, 179, 180f 
stenosis, 209-210 
priapism, 627 

proliferative haemangiomas, 1300 
prostate, 576 

retained products of conception, 711 

in rheumatological ultrasound, 1132 

scanners, 32, 44b 

soft tissue masses, 1113 

spleen 

abscess, 338-339 
infarction, 340-342 
tendinopathy, 1025 
testicular torsion, 617 
thoracic disease, 1018 
thyroid nodules, 872 
transcranial, 85, 979 
venous reflux, 1245 
Colour fluid sign, 1018 
Column of Bertin, 505, 506f 
hypertrophied, 1417f 
Comedocarcinoma, prostate gland, 589t 
Comet-tail artefacts, 68, 69f, 1008, 1008f 
thyroid nodules, 872, 872f 
Common extensor origin injection, 1053, 
1173-1174, 1176f 

Common extensor tendon, 1046, 1046f 
Common flexor tendon, 1045, 1046f 
Common hepatic duct, 95, 103, 103f 
Common peroneal nerve, 1100 
Communicating arteries 
anterior 

anatomy, 976 

transcranial Doppler ultrasound, 
976-978 
posterior, 1259t 
anatomy, 976 
aneurysm, 982f 

transcranial Doppler ultrasound, 
976-977, 979f, 981f 

Communicating cavernous ectasia of the 
intrahepatic ducts see Caroli's 
disease 

Compartment syndromes, 1155-1156 
acute, 1155 

chronic exertional, 1155-1156 
Complete portal tracts (CPTs), 168 
Compression stockings, venous 
incompetence, 1246 
Compression technique, appendix 
assessment, 388 
Computed tomography (CT) 
abdominal aorta, 773 
aneurysm, 779 

adrenal glands, 632, 636, 640, 642 
bladder cancer, 562, 564 
cervical cancer, 714 
cholangiocarcinoma, 158-160 
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contrast-enhanced see Contrast-enhanced 
computed tomography (CECT) 
elbow loose bodies, 1047 
endometrial cancer, 705 
epithelioid haemangioendothelioma, 
160-161 
erosions, 1129 

versus full potential ultrasound in 
abdominal trauma, 832 
inguinofemoral hernia, 1077 
kidneys 

abscess, 496 

renal cell carcinoma, 513-517, 523 
trauma, 840-841, 1458 
kidneys, ureter and bladder, 428 
liver 

focal lesions, 138 
metastases, 151-153 
radio-frequency ablation, 172 
lung biopsy, 1017-1018 
oesophageal cancer, 354 
ovarian cancer, 669 
paediatric chest, 1337 
pancreas, 285 
biopsy, 318 
pancreatitis 

acute, 295-296 
chronic, 301-302 
tumours, 306 
peripheral nerves, 1158 
small bowel 
ischaemia, 379 
obstruction, 384 
thymus, 1339 
thyroid, 867 

transitional cell carcinoma, 518-520, 521f 
in tumour ablation, 863 
unstable trauma patient, 843 
uterus, 687 

Computed tomography (CT) angiography 
peripheral arterial disease, 1197, 

1200-1201 

pulmonary embolus, 1015 
renal artery stenosis, 474, 474t-475t 
Computed tomography during arterial 
portography (CTAP), 277 
Congenital anomalies 
liver, 97 
prostatic, 579 
see also specific anomalies 
Congenital cystic adenomatoid malformation 
(CCAM), 1341, 1343, 1344f 
Congenital extrahepatic biliary atresia, 216 
Congenital generalised lipodystrophy (CGL), 
116 

Congenital malformations, neonatal brain, 

1279- 1283 

Dandy-Walker complex, 1279-1280, 

1281f 

destructive lesions, 1283, 1283f 
disorders of sulcation and migration, 

1280- 1282, 1282f 

dysgenesis of the corpus callosum, 1279, 
1281f 

holoprosencephaly, 1280, 1282f 
tuberous sclerosis, 1282, 1283f 
Conjoined twins, 748, 748f 
Connatal cysts, 1257-1258 


Connective tissue disorders, kidney 
involvement, 453 
Conn's syndrome, 636 
Consolidated lungs, 1339-1340, 1341f 
Continuous ambulatory peritoneal dialysis 
(CAPD), 454-455 
in children, 1444 

Continuous wave (CW) Doppler, 15, 26, 27f 
peripheral arterial disease, 1199-1200, 
1203b 

transducers, 8 
Contrast agents, 77-89 
bladder, 552-553 
breast cancer diagnosis, 993 
British Medical Ultrasound Society 
(BMUS) guidelines, 58 
cavernous haemangioma, 141-142 
clinical applications of, 84-86 
diffuse parenchymal liver disease, 104 
European Federation of Societies of 

Ultrasound in Medicine and 
Biology (EFSUMB) guidelines, 58 
fallopian tube patency, 734-735 
generations, 79 
history and development, 77 
imaging artefacts, 88 
kidneys, 467, 470f 

acute tubular necrosis, 484 
renal cell carcinoma, 513 
liver, 84, 85f, 138-139, 139t 

diffuse parenchymal liver disease, 104 
metastases, 151-153 
microbubbles see Gas bubbles 
optimisation, 139-140 
scanning strategy, 139-140 
types of, 78-81, 79t, 81b 
World Federation for Ultrasound in 

Medicine and Biology (WFUMB), 
58-59 

see also Contrast-enhanced computed 

tomography (CECT); Contrast- 
enhanced intraoperative 
ultrasound (CE-IOUS); Contrast- 
enhanced ultrasound (CEUS) 
Contrast-enhanced computed tomography 
(CECT) 
hepatic artery 

pseudo-aneurysm, 208-209 
stenosis, 208 
thrombosis, 205-207 
hepatocellular carcinoma, 200-201 
portal venous thrombosis, 201 
post-transplant lymphoproliferative 
disease, 213 

Contrast-enhanced intraoperative ultrasound 
(CE-IOUS), 273 

liver metastases, 152-153, 277-278, 
277f-278f 

Contrast-enhanced ultrasound (CEUS) 
abdominal trauma, 829-830, 832-833, 
832f-833f 
bladder, 553 

cholangiocarcinoma, 158-160 
versus computed tomography in 

abdominal trauma, 832-833, 833f 
epithelioid haemangioendothelioma, 
160-161 

gallbladder polyps, 249 


hepatic artery thrombosis, 206-207 
hepatocellular carcinoma, 155-156, 
157f-159f, 200-201 

liver 

abscess, 124, 125f 
lymphoma, 160 

radio-frequency ablation, 172, 173f 
trauma, 837 

neuroendocrine tumours, 314 
pancreas, 288, 29If 
tumours, 306-309 
portal venous thrombosis, 201 
renal trauma, 840-841 
spleen, 326-327 
abscess, 338-339 
infarction, 34If 
metastases, 334 
trauma, 838 
tumours, 334-337 
in tumour ablation, 863 
Contrast resolution, 15 
Conus medullaris, 1319 
Copper intrauterine devices, 706-707 
Coracoacromial ligament, 1030, 1032f 
Coracohumeral ligament, 1030, 1032f 
Core biopsy, 318 
breast, 1001, lOOlt 

cervical lymph nodes, 935, 935b, 936f 
versus fine-needle aspiration, 848 
lungs, 1017 

needle types, 849-850, 849f, 849t 
fully automated sheathed, 850 
manual sheathed, 849 
Menghini technique, 849 
semi-automated sheathed, 849, 850f 
Cornea, 938 

Coronary artery bypass, vein mapping, 
1248-1249 

Coronary ligaments, liver, 93 
Coronary vein varices, 183, 184f 
Coronoid fossa, 1043 
Corpora amylacea, 576 
Corpora cavernosa, 621, 622f 
air in, 623-624, 623f 
Corpus callosum, 1257 

dysgenesis of the, 1279, 1281f 
Corpus luteum, 662-663, 663f 
cysts, 663, 762-763, 762f 
Corpus spongiosum, 621, 622f 
Cortical necrosis 
acute, 452, 452f 
in children, 1444 

Couinaud classification, 93, 95-96, 179, 180f, 
193 

Courvoisier's law, 256 
Cranial bone thermal index (TIC), 54 
Cranial sutures, 1254 
Cremasteric artery, 594-595 
Crescent in doughnut sign, 384, 385f 
Cribriform carcinoma, breast, 995 
Cricoid cartilage, 914 
Crohn's disease, 371-376, 372b 
abscess, 374-375, 375f 
activity, 375-376 
appendiceal, 394, 394f 
in children, 1392-1393, 1393f 
clinical features, 372 
colonic, 397, 397b, 398f 
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differential diagnosis, 3991 
inflammatory phase, 397 
versus ulcerative colitis, 397b 
differential diagnosis, 379b 
fat wrapping, 373 
fistula, 375, 376f 
local complications, 374-375 
locoregional lymphadenopathy, 374 
stricture, 374, 375f 

ultrasound features, 372-374, 372f-374f 
vascular changes, 374 
Crossover syndrome, 1059 
Crown-rump length (CRL), 745, 745f, 749, 
753, 761 

Cruciate ganglia, 1186 
Cruciate ligaments, 1090 
Cruciform bands, 1055-1056 
Cryoablation 

renal cell carcinoma, 523 
tumours, 858-860, 858f-859f 
Cryptorchidism, 807, 1491, 1491f 
CT see Computed tomography (CT) 
Cubital tunnel, 1052 
Cumulative pregnancy rates, 730, 731f 
Currarino's triad, 1334, 1335f 
Cushing's syndrome, 636 
Cutaneous pits, 1328-1330, 1330f 
Cystadenomas 

intrahepatic biliary, 149-150 
pancreas, 311-312, 311f 
Cystic adenoid carcinoma, prostate gland, 
589t 

Cystic duct, 95, 103f 
anatomy, 227 

normal anatomical variants, 227-228 
Cystic fibrosis (CF) 

in children, 1358-1359 
liver involvement, 117-118, 117f, 
1358-1359 

microgallbladder, 251 
pancreas in, 1380 
Cystic hygroma 
cervical, 913 
parotid gland, 905, 906f 
submandibular region, 898 
Cystic necrosis, 930 
Cystic renal dysplasia, 1439f 
in children, 1437-1438 
Cystitis, 568, 568b 

in children, 1449-1453 
Cyst of Morgagni, 595, 597f, 598 
Cystoscopy, bladder cancer, 562-563, 565 
Cystosis, 1380 
Cysts, 1115-1116 

abdominal wall, 806b 
ablation, 816 

acromioclavicular joint, 1039-1040, 
1040f 

adrenal, 634-635, 634f, 1464, 1465f 
AIDS-related parotid, 905 
arachnoid, 1279-1280, 1284 
aspiration, 1192-1193 
Baker's see Baker's cyst 
Blake's pouch, 1279-1280 
branchial, 905, 1296-1297, 1297f-1298f 
branchial cleft, 908, 908b, 909f-910f 
breast, 987-988, 988f 
bronchogenic, 1299, 1348, 1348f 


choledochal, 263-264, 265f, 1369-1370, 
1371f-1372f 
choroid plexus, 1255 
colloid, 1309, 1310f 
colonic duplication, 395-396, 395f 
corpus luteum, 663, 762-763, 762f 
dermoid, 674-676, 674f-677f, 676b, 
893-894, 1298, 1298f-1299f 
duplication see Duplication cysts 
echinococcal, 129-130, 130f-131f, 170 
endometrium, 742f 
epidermal inclusion, 1116 
epidermoid, 602, 603f, 893-894, 894f 
epididymal, 608, 609f 
ganglion see Ganglion cysts 
Gartner's duct, 716, 716f 
hydatid see Hydatid disease 
juxtaventricular, 1257-1258 
labral, 1037, 1038f 
liver, 97-98, 98f, 1363-1364, 1364f 
lymphoepithelial, 905, 905f 
meniscal, 1091, 1091b, 1091f, 1115-1116 
mesenteric see Lymphangiomas 
milk of calcium, 492, 511-512, 511f 
Mullerian duct, 716 
myometrial, 694-695 
nabothian, 713 
neonatal brain, 1284 
neurenteric, 1348 
oesophageal, 358-359, 359f 
oil, breast, 988 
omental, 1483 
ovarian see Ovaries, cysts 
paediatric, 1510 
pancreas 

congenital, 1378 

neoplasms, 311-313, 311f-314f, 312b 
paraovarian, 664, 1485 
parathyroid, 887, 1298-1299 
parotid gland, 905, 905f 
periarticular, 1134, 1134f 
pericardial, 1348, 1349f 
peripheral nerve compression, 1165-1166, 
1166f 

peritoneal inclusion, 697-698, 699f 
popliteal see Baker's cyst 
prostate, 579, 580f, 583-584, 583t, 

584f-585f, 591 
renal see Kidneys, cysts 
retroperitoneal, 821, 822f 
sebaceous, 989, 989f 
spleen, 337-340, 338t, 339f, 341f, 344 
synovial, 1091, 1115 
testicular, 605-606, 606f 
theca lutein see Theca lutein cysts 
thymic, 1298-1299 
thyroglossal duct, 893, 1294-1295, 

1295f 

thyroid, 870, 870f, 1309, 1310f 
transvaginal drainage /aspiration, 722-723, 
722b, 723f-724f 
complications, 723 
method, 722-723 
rationale, 722 
tunica albuginea, 606 
tunica vaginalis, 606 
urachal, 807 
vaginal, 716, 716f 


Cytomegalovirus 
in HIV/AIDS, 132 
neonatal brain infection, 1273 

D 


Damped waveform 
limitations of, 477 
renal artery stenosis, 476-477, 476t 
Dandy-Walker complex, 1279-1280, 1281f 
Dartos fascia, 621 
D-dimer testing, 1236 
Decibels (dB), 23-24 
Deep inguinal ring, 802, 803f, 1077 
Deep vein thrombosis (DVT) 
acute, 1235-1237, 1238f, 1238t 
asymptomatic, 1237 
and Baker's cyst, 1089 
chronic, 1237-1240, 1238t, 1239f 
diagnosis, 1232, 1232f, 1232t 
facts, 1228b 

lower limb venous imaging, 1227-1228 
microbubbles, 1240 
monitoring of clot lysis, 1240 
and pulmonary embolus, 1015-1016 
symptomatic, 1235-1237, 1237f 
upper limb venous imaging, 1240, 1240t 
Wells clinical score, 1236t 
Definity, 79-80, 79t, 80f, 87 
Delayed-onset muscle soreness (DOMS), 
1151-1152 

Deltoid ligament, 1096, 1097f, 1104 
Demodulation, 25, 25f 
De Morsier's syndrome, 1280 
Denonvillier's fascia, 573 
Dental abscess, 906, 906f 
De Quervain disease, 1060, 1061f 
De Quervain's thyroiditis, 883-884, 884f 
Dermal sinuses, 1326-1327, 1327f-1328f 
Dermatofibrosarcoma protuberans (DFSP), 
1123 

Dermoid cysts, 675f-677f, 676b, 893-894 
in children, 1298, 1298f-1299f 
ovarian, 674-676, 674f 
spinal, 1327f-1328f 
Dermoid mesh, 674-675, 675f 
Desmoid tumours, abdominal wall, 806, 807f 
Destruction-replenishment, 82-84 
Developmental anomalies 
implications of heating, 53 
prostatic, 579 

Developmental dysplasia of the hip, 1497, 
1498t 

Diabetes mellitus 

kidney involvement, 452-453 
and peripheral arterial disease, 1198 
Dialysis, 454-455 

complications, 455, 455f 
Diaphragm, 1010 

anatomy, 1339, 1339f 

crura, 98, 99f, 818 

eventration, 1350, 1351f 

hernias, 1348-1350, 1350f 

inverted, 1010, lOllf 

liver transplantation complications, 221 

normal, 1007, 1007f 

paediatric, 1339, 1339f, 1348-1350, 1349b 
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paralysis and paresis, 1350, 1351f 
rupture, 1007 
trauma, 841 

Diastematomyelia, 1325, 1326f 
Dicrocoelium dendriticum, 251 
Diffraction, 5-6, 6f 
Digastric muscles, 891 
Dilated pelvicalyceal system, 493, 494f, 518 
Dimples, spinal, 1328-1330 
Disciform lesions, retina, 948, 948f 
Disease-modifying anti-rheumatic drugs 
(DMARDs), 1132 

Distal augmentation, peripheral veins, 1231, 
1231f, 1234-1235, 1236f 
Distal intersection syndrome, 1059 
Distortion, non-linear, 12 
Diverticular disease 

bladder, 566, 567t, 1425, 1429f 
calyceal, 493, 494f, 1442f 
colonic, 396-397, 396f 
right-sided, 397, 397f 
renal pelvic, 493, 494f 

Doppler imaging, 13-14, 13f-14f, 14b, 26-30 
abdominal trauma, 829 
aliasing, 28 
aortic dissection, 789 
artefacts, 88 

arteriovenous fistula, 481 
autocorrelator, 29 
axillary lymph nodes, 998 
breast cancer 
diagnosis, 993 

response to chemotherapy, 999 
carotid arteries, 969-971, 970t, 971f, 
976-983 

carpal tunnel syndrome, 1064-1065 
cervical lymph nodes, 932, 933f 
colour flow see Colour Doppler imaging 
continuous wave see Continuous wave 
(CW) Doppler 

in ectopic pregnancy, 756-757 
endoleaks, 787 
eye, 941-942, 942f 

frequency estimation and display, 28, 

29f 

hepatic artery, 189-192 
stenosis, 208 
thrombosis, 205-207 
hepatocellular carcinoma, 155-156 
high pass filtering, 28, 28f 
hypoxic ischaemic encephalopathy, 1266, 
1269 

inferior vena cava thrombosis, 792 

instrumentation, 28b 

kidneys, 467, 469-470, 1409, 1412f 

abnormalities in hypertension, 475-476, 
478f 

acute glomerulonephritis, 484 
acute tubular necrosis, 484 
arteriovenous fistula, 481 
arteriovenous malformations, 482 
in children, 1456-1457 
chronic renal failure, 484 
colour flow map, 469, 469f 
disease, 447 
haematoma, 495 
hepatorenal syndrome, 484 
intrarenal vessels, 470-471, 477 
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main renal trunks, 471-472, 471f-473f, 
477 

normal pattern, 469-470 
parenchymal disease, 483-484, 484b 
renal artery occlusion, 478f 
renal artery stenosis, 448, 467, 

474t^75t, 475-477 
renal infarcts, 478, 479f 
renal vein thrombosis, 479-480 
small vessel disease, 484 
spectral (pulsed wave) arterial pattern, 
469-470, 470f 
technique, 470-472 
transplantation, 467-468, 530-533 
tubulo-interstitial disease, 484 
vasculitis, 484 
muscle injury, 1137 
ocular melanoma, 952-953 
ovaries 

endometriosis, 681 
haemodynamics, 655 
lesions, 670 

pancreatic tumours, 309 

pelvi-ureteric dilatation, 441 

portal hypertension, 181 

power see Power Doppler 

pulsed wave see Pulsed wave Doppler 

pyelonephritis, 460 

resolution, 15 

in rheumatological ultrasound, 1126, 

1132 

shift frequency estimation, 29 
transcranial, 85 
transducers, 8 

transjugular intrahepatic portosystemic 
shunt, 187-188, 188b 
uterus haemodynamics, 655 
Dorsal dermal sinuses, 1326-1327, 

1327f-1328f 

Dorsalis pedis artery, 1207, 1207f 
Double-bleb sign, 750, 750f 
Double-bubble sign, 1388 
Double decidual sign, 751 
Double wall sign, 1483 
Doughnut sign, 384, 385f, 1390 
Drainage techniques, 853-857 
abscesses, 1192, 1193f 
breast, 989 
intra-abdominal, 815 
liver, 124, 125f 

pelvic see Pelvic abscess drainage 
cyst ablation, 856-857 
diagnostic aspiration versus, 853 
drain fixation, 856, 856b, 857f 
drain placement, 854-856, 856f-857f 
drain types, 854, 856f, 856t 
locking drains, 813 
nature of the collection, 854, 854t, 

855f 

post-procedural care, 856 
pre-procedural assessment, 854 
Seldinger technique, 804f, 816 
side holes, 813-815 
sump drains, 813 
Trocar technique, 815-816 
Dromedary hump, renal, 505, 506f 
Drug delivery, contrast microbubbles, 87 
Drusen (hyaline bodies), 948, 948f 
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Ductal carcinoma in situ (DCIS) 
breast, 991, 996, 996f, 1002 
vacuum-assisted biopsy, 1002 
Duct ectasia, 583-584, 583t, 584f 
Ductus deferens, artery to the, 594-595 
Ductus epididymis, 594 
Duodenum, 365, 366f 
atresia, 1388, 1389f 
duplication, 1394, 1394f 
haematoma, 1394, 1394f 
Duplex scanning 

abdominal aortic aneurysms, 777-781 
abnormal appearance, 777-779, 
778f-780f 

distance between renal arteries and 
aneurysm sac, 780 
limitations and pitfalls, 781 
measurement of aneurysm size, 780, 
781f 

normal appearance, 777, 778f 
objectives, 777, 777f 
patient preparation, 777, 778f 
variability of measurement between 
ultrasound and CT, 779 
bladder, 551, 553f 

peripheral arterial disease, 1200-1207, 
1203b, 1203f-1204f 
aorto-iliac and femoropopliteal 
segments, 1206 

below-knee segments, 1206-1207, 1207f 
reporting, 1207, 1208f 
scanning technique, 1205-1206, 
1205f-1206f 

peripheral artery bypass grafts, 1209 
transcranial, 85 

Duplication cysts, 816, 1347b, 1348 
duodenal, 1394, 1394f 
neonatal, 1483 
pancreas, 1378 

Dupuytren's contracture, 1122 
Dynamic range, 23-24, 24f 
Dynamic scanning 

carpal tunnel syndrome, 1064-1065 
muscle injury, 1137 

Dysfunctional uterine bleeding (DUB), 
688-689 

Dysgerminoma, ovarian, 676 
Dyslexia, 56-57 
Dysmenorrhoea, 688 
Dyspareunia, 688, 691 

E 


Eagle-Barrett syndrome, 1427-1428 
Echinococcal cyst, 129-130, 130f-131f, 170 
see also Hydatid disease 
Echinococcosis see Hydatid disease 
Echinococcus granulosus, 129, 339-340 
Echinococcus multilocularis, 130 
Echo-endoscopes, 351-352, 352f 
Echoes 

B-mode imaging, 17 
definition, 16 
dynamic range, 23-24, 24f 
liver, 104-105, 106f 
multiple, 65-68, 67f 
scattered, 61-62 


i-ii 
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Echogenic bile, 240-241, 241f-242f 
Echogenic fluid, 64-65, 65f 
Echogenic swirling sign, 1009 
Echovist, 79, 734, 735f 
Ectopia lentis, 943, 944f 
Ectopic pregnancy, 753b 

adnexal findings, 754-756, 755f, 755t 
bagel sign, 755f 
p-hCG level, 760, 760t 
caesarean scar, 758, 759f, 760t 
cervical, 757-758, 758f-759f, 758t 
complex mass, 755-756, 756f-757f 
Doppler ultrasound, 756-757 
endometrial appearances, 754f, 754t 
heterotopic gestation, 753 
incidence, 753 

interstitial, 757, 757f-758f, 757t 
intraperitoneal fluid, 756, 757f 
locations, 753t 
methotrexate, 757, 767, 767t 
negative ultrasound, 760 
non-surgical management, 766-767 
normal adnexal regions, 754 
ovarian, 758 

pregnancy of unknown location, 760, 

760b, 760f, 761t 

pseudo-gestation sac, 754, 755f 
risk factors, 753 
tubal miscarriage, 756, 757f 
tubal ring with yolk sac/embryo, 754-755, 
755f-756f 

tubal rupture, 756, 756f, 756t 
unusual gestations, 757-758, 757f 
uterine findings, 753-754, 754f, 754t 
Egyptian eye, 1244-1245, 1244f 
Ejaculation, retrograde, 580t 
Ejaculatory ducts, 574 
cysts, 583t, 584f 
injection of contrast, 591 
normal sonographic appearances, 576-579 
obstruction, 584, 585f 
Elastofibroma, 1122 
Elastography, 12-13 

breast cancer diagnosis, 993 
pancreas, 288 
soft tissue masses, 1113 
thyroid nodules, 872 
Elbow, 1043-1054 

anatomy, 1043-1046, 1046b 

anterior compartment, 1043-1044, 1044f 

bursitis, 1050, 1050f-1051f 

effusion, 1047, 1047f 

injection, 1053 

interventional techniques, 1173-1175 
joint aspiration, 1053 
joint injection, 1175, 1177f 
lateral compartment, 1046, 1046f 
lateral epicondylitis (tennis elbow), 1049, 
1050f 

ligament injury, 1051, 1051f 
loose bodies, 1047-1048, 1047f-1048f 
medial compartment, 1045, 1046f 
medial epicondylitis (golfer's elbow), 

1050 

nerve entrapment, 1052-1053, 1052b, 
1052f-1053f 

paediatric bony injury, 1051, 1051b, 1052f 
posterior compartment, 1045, 1045f 


pulled, 1051, 1052f 

synovial osteochondromatosis, 1047-1048, 
1048f 

synovitis, 1047, 1047f 
technique, 1043-1046, 1046b 
tendon injury, 1048-1050, 1048f-1049f 
Elderly patients, acute appendicitis, 389 
Electronic focusing, 21, 21f 
Elevation focusing, 21, 22f 
Emboli 

counting, 979-980, 980f 
pulmonary, 1015-1016, 1016b, 1016f 
Embryo 

appearance in the first trimester, 744-745, 
744f-745f, 745t 
heartbeat, 745, 761, 761t 
transfer, 737, 737f 
Embryology 

adrenal glands, 1464 
implications of heating, 53 
ovaries, 1468-1470 
parathyroid, 884 
prostate, 572 
renal tract, 1407-1409 
spine, 1322 
testis, 593-594 
thyroid, 868-869 
uterus, 1468-1470 

Embryonal cell carcinoma, testicular, 599-600, 
600f 

Emphysema, congenital lobar, 1343-1344 
Emphysematous pyelitis, 460 
Empty amnion sign, 745, 750, 750f 
Empyema, 1009, 1009f 
in children, 1346f 

Encephalopathy, hypoxic ischaemic, 
1264-1269, 1266b, 1267t, 
1268f-1270f 
Endarterectomy, 966 
Endoanal ultrasonography, 406 
Endocardial border definition (EBD), 79, 

85-86 

Endocavity ultrasound 
bladder, 551 
transducers, 19f 

Endocrine development, female, 1470 
Endodermal sinus tumours see Yolk sac 
tumours 

Endoleaks, 782, 783t, 784b, 784f, 786f-787f, 
787 

Endoluminal ultrasound, bladder cancer, 564 
Endometrioid tumours, 673, 673f 
Endometriomas, 402 

abdominal wall, 806, 806f 
extraperitoneal, 1117 
ovarian, 680-681, 681b, 681f, 730 
Endometriosis, 402, 404f 
bladder, 568 

as a cause of subfertility, 730 
ovarian, 680-681, 681b, 681f 
Endometritis, 709, 709b, 710f 

pelvic inflammatory disease, 682, 682f 
Endometrium, 700-712 
ablation, 697 
anastrozole and, 706 
Asherman's syndrome, 709 
cancer, 702-705, 705b 
aetiology, 702 


diagnosis, 702-705, 702f-705f 
management, 705 
other investigations, 705 
screening, 705 
staging, 704-705, 706f, 706t 
symptoms, 702 
cyst, 742f 

in ectopic pregnancy, 754, 754f, 754t 
endometriosis see Endometriosis 
endometritis see Endometritis 
haematometrium and related conditions, 
709-711, 711f-712f 
hormone replacement therapy and, 
705-706 

hyperplasia, 700, 700b, 700f, 700t, 706 
hysteroscopy, 688 

intrauterine devices, 706-708, 707f-709f, 
708b 

intrauterine synechiae, 709 
medications and, 705-706 
normal, 699f, 700 
oral contraceptive pill and, 705 
osseous metaplasia, 732-733, 732f 
polyps, 693, 700-702, 701f, 702b, 733, 733f 
postpartum uterus, 711-712, 712f 
retained products of conception, 696, 
711-712 

tamoxifen and, 706, 707f 
thickening in early pregnancy, 741, 741f 
Endomysium, 1138 
Endoneurium, 1158 
Endoscopic retrograde 

cholangiopancreatography 

(ERCP) 

bile duct calculi, 236 
choledocholithiasis, 280 
pancreatitis, chronic, 302 
Endoscopic ultrasound (EUS) 
biliary system, 236, 236f 
equipment, 351-352, 352f 
general principles, 351b 
islet cell tumours, 279 
neuroendocrine tumours, 314-315 
pancreas, 285, 288-291, 291f-292f 
biopsy, 318 
pancreatitis 
acute, 296 
chronic, 302-304 
tumours, 309, 31Of 
upper gastrointestinal tract, 353f 
appearance, 352-353 
cancer staging, 353-354, 355t, 356f- 
357f, 360 

clinical indications, 353 
equipment, 351-352 
oesophagus, 354-360 
present and future, 366 
stomach, 360-365 
Endotension, 783t 

Endovaginal ultrasound, bladder, 551 
Endovascular aneurysm repair (EVAR), 
abdominal aortic aneurysm, 
781-787, 783f-787f, 783t-784t, 
784b 

Endovascular Aneurysm Repair Trial 1 
(EVAR1), 782 

Endovenous ablation, 1246-1248 
Enhancement, 64, 64f 
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Entamoeba histolytica , 126, 400, 1364-1365 
Entheseal disease, 1131, 1131b, 1132f 
Enthesitis, 1131, 1132f 
Enthesopathy, ankle, 1102-1103, 1103f 
Enuresis, 1462 
Ependymomas, 1333 
Epicondylar groove, 1052 
Epicondylitis 
diagnosis, 1053 
lateral, 1049, 1050f 
medial, 1050 

Epidemiology, safety of ultrasound, 56-57 
Epidermal inclusion cysts, 1116 
Epidermoid cyst, 893-894, 894f 
testicular, 602, 603f 
Epididymis 

abscess, 615, 615f 
adenomatoid tumour, 610, 61 Of 
anatomy, 594 

appendage torsion, 617, 618f 
cysts, 608, 609f 

inflammatory disease, 614-615 
leiomyoma, 610 

normal ultrasound appearance, 595-598, 
597f 

tubular ectasia, 608 
vasectomy, 608, 609f 
Epididymitis, 614-615, 614f 
chronic, 615 
tuberculous, 615, 615f 
Epididymo-orchitis, 612-615, 615b 
paediatric, 1492, 1493f 
Epigastric hernia, 804, 804f 
Epiglottis, 913, 913f 
Epimysium, 1138 
Epineurium, 1158 
Epiphyses, elbow, 1043 
Epiploic appendagitis, 402-405, 405f 
Epithelial cell tumours, ovarian, 1487 
Epithelioid haemangioendothelioma, 

160-161 

Erectile dysfunction, 621-623 
arteriogenic, 624 
background, 621-623 
physiology of the erectile process, 623 
priapism, 627, 627b, 627f 
veno-occlusive, 624-625, 626f 
Erosions, ultrasound features of, 1129, 1129b, 
1130f 

Escherichia coli 

epididymo-orchitis/epididymitis, 614 
liver abscess, 124 
renal abscess, 496 
urinary tract infection, 1448 
Ethanol ablation, parathyroid lesions, 887 
European Carotid Surgery Trial (ECST), 965 
European Federation of Societies of 

Ultrasound in Medicine and 
Biology (EFSUMB), 58 
contrast agents guidelines, 139 
contrast-enhanced ultrasound for liver 
metastases, 153 

European Society of Hysteroscopy fibroid 
classification, 691 
Ewing's sarcoma, lllOf 

Extended field-of-view (EFOV) imaging, 1137 
Extensor carpi radialis brevis (ECRB), 1055, 
1056f 


INDEX 



Extensor carpi radialis longus (ECRL), 1055, 
1056f, 1058f 

Extensor carpi ulnaris (ECU), 1055, 1056f, 

1062 

Extensor digiti minimi (EDM), 1055, 1056f 
Extensor digitorum brevis (EDB), 1098 
Extensor digitorum communis (EDC), 1055, 
1056f 

Extensor digitorum longus (EDL), 1097-1099 
Extensor hallucis longus (EHL), 1097-1098 
Extensor indicis proprius (EIP), 1055, 1056f 
Extensor pollicis brevis (EPB), 1055, 1056f 
Extensor pollicis longus (EPL), 1055, 1056f, 
1058, 1058f 

Extensor tendons, 1055, 1056f 
tears, 1057, 1058f 
External oblique muscle, 1076 
Extra-corporeal shock-wave lithotripsy 
(ESWL), 55 

Extradural haematoma, 1285 
Extrahepatic biliary atresia (EHBA), 1368- 
1369, 1369f-1370f 
Extrahepatic duct, 95 
Extramedullary haematopoiesis, 507 
Extrarenal pelvis, 1412, 1417f 
Eye, 938-958 

anatomy, 938-941, 939f-941f 
biometry, 958, 958f 
British Medical Ultrasound Society 
(BMUS) guidelines, 58 
choroid, 940 

detachment, 946 
haemangioma, 954, 954f 
melanoma, 951-953, 951f-953f 
metastases, 953, 954f 
naevus, 954 
osteoma, 954, 954f 
ciliary body, 940 

melanoma, 951-953, 953f 
cornea, 938 

examination technique, 941-943 
A-scan, 941, 942f 
Doppler, 941-942, 942f 
2D scanning, 941 
3D scanning, 943, 943b 
ultrasound biomicroscope, 942, 942f 
eyeball, 938, 959 
foreign bodies, 957-958, 958f 
indications, 943, 943b 
iris, 940 
lens, 943 

cataract, 943, 943f 
ectopia lentis, 943, 944f 
intraocular implant, 943, 943f 
trauma, 956, 956f 
muscles, 959-960 
refracting media, 940-941, 941b 
retina, 940, 941f, 943-948 

acquired retinoschisis, 947-948, 948f 
detachment, 943-947, 944f 

choroidal detachment, 946, 947f 
conditions mimicking, 947b 
exudative, 946 
non-rhegmatogenous, 946 
posterior vitreous detachment, 

944- 945, 945f 

proliferative vitreoretinopathy, 

945- 946, 946f 
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rhegmatogenous, 944 
traction, 946-947, 947f 
vitreoretinal traction, 944-945, 
944f-945f 

disciform lesions, 948, 948f 
drusen (hyaline bodies), 948, 948f 
haemorrhage, 952 
tear, 944-945, 945f 
sclera, 938, 940f 

trauma, 956-958, 956f-958f, 957b 
tumours, 951-955 
ultrasound features, 938-941 
vitreous, 949-950 

asteroid hyalosis, 949, 949f 
haemorrhage, 952, 956, 956f 
persistent hyperplastic primary, 949, 
949f, 955 

posterior detachment, 949-950, 
949f-950f 

incomplete, 950, 951f 
synchysis scintillans, 949 
see also Orbit 

F 


Falciform ligament, liver, 93, 205, 205f 
Fallopian tubes 
abscess, 682, 683f 

hysterosalpingo-contrast sonography for 
patency of, 734-735, 735f 
normal development, 1469f 
patency of, 734-735, 735f 
pelvic inflammatory disease, 682, 
682f-683f 

rupture in ectopic pregnancy, 756, 756t 
spasm, 735 
torsion, 1488-1489 
Fascia bulbi, 938 
Fasciculi, 1138 
Fasciola hepatica , 131, 251 
Fascioliasis 
acute, 131 
gallbladder, 251 

FAST see Focused assessment with 

sonography in trauma (FAST) 
Fat atrophy, muscle, 1154, 1154f 
Fat necrosis, 1115, 1115f 
breast, 988, 988f 
Fatty infiltration 

infraspinatus, 1035, 1035f 
liver see Fatty liver 
Fatty liver, 105-111, 146-148 
causes of, 105 

in children, 1359-1360, 1359f-1360f 
conditions associated with, 107t 
diffuse, 105-106, 108f 
focal fatty change, 107, 109f, 110b, 147 
focal fatty sparing, 108-110, 109f-110f, 
110b, 147, 148f 
histology, 105, 106f 
multifocal steatosis, 147-148 
non-alcoholic fatty liver disease, 105, 
110-111, lllf 

non-alcoholic steatohepatitis, 110-111, lllf 
temporal changes, 105, 107f 
Female pseudohermaphrodites, 1475-1476 
Female sexual cycle, 649, 650f 
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Femoral artery, 1229-1230 
occlusion, 1205f 
stenosis, 1204f-1206f, 1206 
Femoral canal, 1079-1080 
Femoral hernias, 803-804, 804f, 1079-1080, 
1080f 

Femoral neck fracture, 1070 
Femoral veins, 1228-1230 
duplication, 1234 
spontaneous flow, 1230-1231 
Femoroacetabular impingement, 1070-1071 
Fertility 

assessment of, 730-739 
and fibroids, 691 

hysterosalpingo-contrast sonography for 
tubal patency, 734-735, 734f- 
735f, 735b 

infertility see Infertility 
scanning through an IVF cycle, 735-738 
downregulation, 735-736 
embryo transfer, 737, 737f 
follicular development, 736, 736f 
oocyte capture, 736-737, 736f 
ovarian hyperstimulation syndrome, 
738, 738f, 738t 
subfertility see Subfertility 
Fetal anomalies, first trimester, 746-747, 
746f 

Fetal heart monitoring, British Medical 
Ultrasound Society (BMUS) 
guidelines, 58 

Fibroadenoma, breast, 990-991, 990f 
Fibro-adipose septa, 1026 
Fibrohistiocytoma, retroperitoneal, 819-820 
Fibroids, 668, 689-694, 693b 
bridging vascular sign, 691 
calcification, 691-692, 692f 
as a cause of subfertility, 731-732, 732b, 
732f 

cervical, 713, 714f 
in early pregnancy, 763, 763f 
fertility and, 691 
malignant change, 693 
necrosis, 692, 693f 
nomenclature of site of, 691 
pregnancy and, 690, 690f 
pyomyoma, 690 
risk factors, 689 
size and age, 690 
subserosal, 691 
symptoms, 691 
torted pedunculated, 691 
treatment, 693-694 
ultrasound appearances, 691-693, 
691f-692f 
vaginal, 716 
vascularity, 693 

Venetian blind pattern, 691-692, 692f 
Fibrolamellar hepatocellular carcinoma 
(FLHCC), 160, 201, 216 
Fibrolipoma, filum terminale, 1324 
Fibrolipomatous hamartoma, 1166 
Fibromas 

medullary, 512 
ovarian, 678, 679f 
plantar fascia, 1106 
Fibromatosis, 1122 

in children, 1302-1303 


congenital generalised, 1302-1303 
deep, 1122 

infantile (desmoid-type), 1303 
palmar, 1122 
plantar, 1122 
plantar fascia, 1106 
superficial, 1122, 1122f 
Fibromatosis colli, 1302, 1303f, 1511, 1511f 
Fibronodular hyperplasia (FNH), 142-143, 
144f-145f 

Fibrosarcoma, 1123 
Fibrosis 

hepatic. 111, lllf 
penile, 628 

Fibrotic haemangioma, liver, 141-142, 143f 
Field, 6 
FIGO staging 

cervical cancer, 715t 
endometrial cancer, 706t 
Filum terminale, 1318 
lipoma, 1324, 1324f 
tight filum terminale syndrome, 1324- 
1325, 1325f 

Fine-needle aspiration (FNA) 
breast, 1001, lOOlt 

cervical lymph nodes, 934-935, 935b, 935f 
versus core biopsy, 848 
general principles, 847-853 
lungs, 1017 

needle guides, 852, 852f 
needle tip visualisation, 850-852, 851b, 
851f-852f 

needle types, 848-849, 848b, 849f, 849t 
oesophageal cancer, 354 
pancreas, 290 
biopsy, 318 

patient selection/preparation, 847-848 
post-procedural care, 853 
pre-procedural assessment, 848 
procedural planning and ergonomics, 852, 
852f 

safety/complications, 853 
specimen handling, 852-853, 853f 
spleen, 345 
thyroid nodules, 882 
track seeding, 853 
Fistulae 

aortocaval, 795 

arteriovenous see Arteriovenous fistula 
to the bladder, 566, 567t, 568 
Crohn's disease, 375, 376f 
dialysis, 455, 455f 

haemodialysis access, 1215, 1220t-1221t, 
1223, 1224f 

inferior vena cava, 795, 795f 
trans-sphincteric, 408 
Flash artefact, 1126, 1127f 
Flash contrast imaging, 82-84, 83f 
Flash frames, 82-83, 83f 
Flexor carpi radialis (FCR), 1055-1056, 1056f, 
1059-1060, 1060f 

Flexor carpi ulnaris (FCU), 1055-1056, 
1059-1060, 1061f 

Flexor digitorum longus, 1096, 1104 
Flexor digitorum profundus (FDP), 1055, 
1056f 

Flexor digitorum superficialis (FDS), 1055, 
1056f 


Flexor hallucis brevis, 1096 

Flexor hallucis longus, 1096, 1104, 1106-1107 

Flexor pollicis longus (FPL), 1055, 1056f, 

1059f 

Flexor retinaculum, 1057 
Flexor tendons, 1055, 1056f 
tears, 1058-1059, 1059f 
Flowmetry, 554-555, 555f 
Fluid bronchogram, 1014 
Fluid collections 

aspiration/drainage, 1192-1193 

liver transplantation, 212-213 

nature of, in drainage, 801t, 803f, 807-809 

peritoneum, 815-816, 816f 

retroperitoneum, 821-823, 822t, 

823f-825f 

Fluid colour sign, 1008, 1009f 
Focal nodular hyperplasia (FNH), 1364f 
in children, 1363 

Focused assessment with sonography in 
trauma (FAST), 829f 
abdominal aortic aneurysm, 775 
abdominal trauma, 828-829, 829b, 
829f-830f, 831-832, 843 
bladder, 569 

versus full potential ultrasound, 831-832 
unstable trauma patient, 843 
Focused ultrasound, tumour ablation, 859 
Focusing 

electronic, 21 
elevation, 21 

Foley balloon catheter, 556, 558f, 569 
Follicle(s) 

development, 736 
rupture, 730 

Follicle-stimulating hormone (FSH), 649, 661 
in in-vitro fertilisation, 736 
menarche, 1472-1473 

Follicular neoplasm, thyroid, 876-878, 877b, 
877f-878f 

Fontanelles, 1254, 1254f-1255f 
Food and Drug Administration (FDA), 51, 57, 
57t 

Foot 

anatomy, 1098, 1100b 
disease processes, 1106-1107, 1107b 
interventional techniques, 1187-1190 
mass lesions, 1107 
pain, 1106-1107 

plantar aspect, 1100-1101, llOOf-llOlf 
short muscles, 1101 
technique, 1098, 1098f, 1101b 
Footballer's ankle, 1105 
Foramen of Winslow, 93 
Forearm muscles, 1140t, 1141, 1142f 
Forefoot injections, 1189-1190 
Foregut 

duplication cysts, 1347b, 1348 
malformations, congenital, 1299 
Foreign bodies 

bladder lumen, 556-558, 558f-559f 
eye, 957-958, 958f 
granulomas, 1117 
localisation, 1190-1191 
paediatric, 1507-1508, 1508f 
vaginal, 715-716, 1490 
Fourier components, 7, 7f-8f 
Fournier's gangrene, 618, 618f 
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Fractures 

ankle, 1105-1106 
greater tuberosity, 1041, 1041f 
Frame averaging, 26, 26f 
Freiberg's disease, 1107 
Frequencies, 3, 8b, 17-18, 29 
analysis, 7 

application set-ups, 33 
Frozen shoulder, 1037, 1038f 
Full potential ultrasound 

abdominal trauma, 829-832, 831b, 831f 
versus computed tomography, 832 
versus FAST, 831-832 
Fundamental imaging, 81, 81f 
Fungal infection 

liver, 127-128, 128f 
renal, 464, 465b 
spleen, 339 
Fungus balls, 434 


Galactoceles, breast, 988, 988f 
Gallbladder 

adenomas, 249, 249f 
agenesis, 1375 
anatomy, 227, 230f-231f 
in ascites, 242-243, 242f 
biliary sludge, 240-241, 241f-242f 
bilobed, 1375 

carcinoma, 249-250, 250f-252f 
in children, 1356, 1375-1376 
cholecystitis see Cholecystitis 
contracted, 238-239, 238f 
disease in children, 1375 
distension, 251, 253f 
in jaundice, 256-258 
double-arc shadow sign, 238f, 239 
ectopic, 1375 
empyema, 245 
folding, 228, 232f, 1375 
function studies, 236 
hydrops, 251, 253f 
in children, 1375 

hyperplastic cholecystoses, 247, 248f 
intrahepatic, 228 
metastatic deposits, 250, 252f 
microgallbladder, 251-253, 253f 
microlithiasis, 240-241, 241f 
mucocele, 251, 253f 
neck of, 230f-231f 

normal anatomical variants, 228, 232f, 
1375 

parasitic infections, 250-251, 252f 
pathology, 236-253 
Phrygian cap, 228, 231f 
polyps, 247-249, 248f-249f 
porcelain, 250, 25If 
septa, 228, 232f, 1375 
stones see Gallstones 
strawberry, 247 
tenderness, 244 
trauma, 841 

ultrasound technique and appearance, 
228-236, 233f, 1375 
wall, 228, 233f-234f 
gas in, 245-246 
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lesions in children, 1375-1376 
thickening, 242f-243f, 243-244, 243t 
in acute liver disease, 120-121, 122f 
in ascites, 811, 812f 
in chronic liver disease, 200, 200f 
spurious, 234f 
worms, 250-251 
Gallstones, 228, 237-240 
carcinoma risk, 249-250 
in children, 1375, 1375f 
classic appearances, 237-238, 237f-238f 
contracted gallbladder, 238-239, 238f 
double-arc shadow sign, 238f, 239 
versus gas, 233, 234f 

movement/layering/ floating of, 239-240, 
239f-241f 

pancreatitis risk, 294 
prevalence, 237 
shadowing, 237, 237f-238f 
Gamekeeper's thumb, 1063-1064, 1064f 
Gamma curve, 26, 26f 
Ganglion cysts, 1116, 1116f 
ankle, 1104-1105, 1105f 
aspiration, 1178, 1179f, 1192 
cruciate, 1186 
foot, 1107 

Hoffa's, 1186, 1187f 
nerve compression, 1165-1166, 1166f 
paediatric, 1510, 1510f 
proximal tibiofibular joint, 1091 
wrist, 1066, 1066f 
Ganglioneuroblastoma, 1466 
Ganglioneuromas, 1312, 1313f 
in children, 1466 
Gartner's duct cyst, 716, 716f 
Gas 

bile duct, 259, 260f 
gallbladder wall, 245-246 
versus gallstones, 233, 234f 
portal vein, 189, 191f, 210 
vaginal, 716 
Gas bubbles 

acoustic cavitation see Acoustic cavitation 
contrast 

albumin-coated, 80 
dynamics, 78, 78b 
imaging of, 81-84 

fundamental imaging, 81, 81 f 
high MI techniques, 82-84, 83f 
low MI techniques, 82, 82f 
newer techniques, 84 
second harmonic imaging, 81-82, 

82f 

lipid-stabilised, 79-80 
other potential uses, 86-87 
polymer-coated, 80-81 
in renal transplantation, 542-547, 
544f-546f, 546b 
resonant behaviour of, 78 
safety of, 87-88 
size, 77-79 
targeted, 86-87 
deep vein thrombosis, 1240 
experimental work associated with, 55 
factors affecting incidence of, 55-56 
hazards from, 55 
high risk situations, 56 
in-vivo animal and human effects, 55 

Volume I • pp 1-770 • Volume II • pp 771-1514 


modelling, 55 
safety, 54-56 
shadowing, 64-65 
Gastrinomas, 279, 313-314, 316f 
Gastrocnemius muscle, 1093 
Gastroduodenal artery, 286 
Gastrointestinal stromal tumours (GISTs), 
358, 358f, 362, 363f 
in children, 1388f 
small bowel, 381, 383f 
Gastrointestinal tract obstruction, 300 
Gastro-oesophageal junction in children, 
1383-1384, 1384f 

gastro-oesophageal reflux, 1383-1384, 
1384f 

technique and normal anatomy, 1383 
Gastro-oesophageal reflux, 1383-1384 
Gene delivery, contrast microbubbles, 87 
Genioglossus muscle, 913 
Geniohyoid muscles, 893 
Genitalia, ambiguous, 1473-1478 
Genital tract 
female 

congenital anomalies, 655-659 
normal development, 1468-1470, 

1469f 

see also specific anatomical areas 

Germ cell tumours 
mixed, 599, 600f 
non-seminomatous, 599-600 
ovarian, 1485, 1486f-1487f, 1487-1488 
regressed/burnt-out, 600, 601f 
seminomatous, 599 
testicular, 599-600, 600f-601f, 1494 
Germinal matrix haemorrhage, 1260-1263, 
1262f-1265f, 1262t 
Gerota's fascia, 413, 817 
Gestational trophoblastic disease (GTD), 
696-697, 696f-697f, 764-765 
complete hydatidiform mole, 764, 764f, 
765t 

partial hydatidiform mole, 764-765, 765f, 
765t 

Gestation sac, 741-743, 742f-743f, 742t, 744t 
abnormally low position, 750-751, 751f 
pseudo-gestation sac, 754 
shape, 750, 751f 
size, 750, 750f 
Giacomini vein, 1242, 1245 
Giant cell tumour of tendon sheath (GCTTS), 
1066, 1067f, 1123 
Glaucoma, 943 

Glenohumeral joint, 1033f, 1040-1041 
effusions, 1040, 1040f 
osteoarthritis, 1040-1041 
rheumatoid arthritis, 1040f 
Glenohumeral ligaments, 1030 
Gliding sign, 1008, 1338 
Glioma, optic nerve, 962-963 
Glomerulocystic kidney disease (GCKD), 
1439 

Glomerulonephritis, 445-447, 446f-447f, 449 
acute, Doppler imaging, 484 
membranous, 478 

Glomus tumours, 909-911, 1066-1067 
Gluteal insertion injection, 1184-1185, 1185f 
Gluteal muscles, 1072-1073, 1075, 1076f 
Glycogen storage diseases (GSDs), 116 
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Goitre 

in children, 1310, 13111 
multinodular, 1310, 13111 
Golfer's elbow, 1050 
Gonadal dysgenesis, 1477 
Gonadal stromal tumours, 600-601 
Gonadarche, 1470 

Gonadotrophin-releasing hormone (GnRH) 
in in-vitro fertilisation, 735 
in puberty, 1470 
Gonads 

female see Ovaries 
indifferent, 1468 
male see Testis 
Gout, 1130, 1131f 
Gouty tophi, 1117, 1133, 1133f 
Gracilis muscle, 1075 

Graf technique, hip examination, 1498-1501, 
1499f 

alpha angle, 1499, 1499f 
beta angle, 1499, 1499f 
cradle, 1499f 
Graf type D, 1501 
Graf type I, 1499-1500, 1500f 
Graf type Ha, 1500, 1500f 
Graf type lib, 1500, 1500f 
Graf type lie, 1500, 1500f 
Graf type III, 1501, 1501f 
Graf type IV, 1501 
modified, 1501 
pitfalls, 1501 

Graft-versus-host disease, 215, 401 
Granulomas 

foreign body, 1117 
silicone, 1000, lOOOf 
sperm, 608-609, 61Of 
stitch, 799 

Granulomatous colitis, 1399 
Granulomatous hepatitis, 132-133 
Granulosa cell tumours, ovarian, 677, 678f 
Grating lobes, 73, 73f 
Graves' disease, 960 

in children, 1310, 1311f 
Gray-white matter differentiation (GWMD), 
1266 

Greater tuberosity fracture, 1041, 1041f 
Grey matter, 1320 
injury, 1266 
Groin 

athletic pain see Athletic groin pain 
transducer choice, 1069 
Guy on tunnel, 1057 

Guy on tunnel syndrome, 1065, 1065f, 1164f 
Gynaecological intervention techniques, 
720-729 

see also specific techniques 
Gynaefix, 707 

H 


Haemangioendothelioma, 1121, 1362, 1363f 
Haemangiomas, 1120, 1121f-1122f 
arteriovenous see Arteriovenous 
malformations 
capillary, 334, 1120 

cavernous see Cavernous haemangioma 
chest wall, 1350-1351, 1352f 


in children, 1299-1301, 1299f-1300f 
choroid, 954, 954f 
extra-testicular, 610, 611f 
hepatic, 1362, 1363f 
infantile/congenital, 901 
liver 

cavernous, 140-142, 141f-142f 
fibrotic, 141-142, 143f 
mesenteric, 1403, 1403f 
non-involuting congenital, 1301 
orbital, 961, 961f 
parotid gland, 901, 902f 
proliferative, 1299-1301, 1299f-1300f 
rapidly involuting congenital, 1301 
renal, 512 

spleen, 334, 336f-337f 
Haemangiopericytomas, 1121 
retroperitoneal, 819-820 
Haemarthrosis, post-traumatic, 1088 
Haematocele, 612, 613f 
Haematocolpos, 709, 711 
Haematomas 

aspiration/ drainage, 1192 
chest wall, 1005-1006, 1352 
duodenal, 1394, 1394f 
extradural, 1285 
first trimester, 752, 752f 
infratentorial, 1285 
liver, 148, 149f, 837, 838f 
muscle contusion, 1114-1115, 1148 
paediatric, 1507, 1507f 
paravaginal, 716 
peritoneal, 815-816 
post-hysterectomy, 697-698, 698f 
post-liver transplantation, 212, 221 
postoperative, 805 
post-renal transplantation, 535, 536f 
renal, 495, 496f 
retroperitoneal, 821-822, 825f 
spleen, 837-838 
subchorionic, 752, 752f 
subdural, 1285 
testicular, 604-605, 605f 
Haematometrium, 709-711 

post-hysterectomy, 698-700, 699f 
Haematometrocolpos, 657, 710-711 
Haematopoiesis, extramedullary, 507 
Haematosalpinx, 657, 710 
Haematospermia, 580t, 584-585, 585f 
Haematuria, 838 

Haematuria loin pain syndrome, 456 
Haemochromatosis, 117 
Haemodialysis, 454-455 
access, 1214-1223 

abnormalities and complications, 
1222-1223 
aneurysms, 1222 

fistulae, 1215, 1220t-1221t, 1223, 1224f 
normal characteristics, 1222 
permanent 

postoperative assessment, 1218- 
1219, 1220f 

pre-assessment, 1218-1219, 1219f, 
1220b 

pseudo-aneurysms, 1222, 1223f 
reporting dialysis fistula examinations, 
1223, 1224f 

scanning the access circuit, 1221-1222 


sites, 1215, 1216t 
steal syndromes, 1222, 1223f 
stenoses, 1222, 1222f 
temporary, 1215-1218 
thrombosis, 1222 

volume flow, 1220-1221, 1220f-1221f 
Haemo-hydronephrosis, 434 
Haemolytic uraemic syndrome, 1399, 1400f 
in children, 1443-1444, 1444f 
Haemoperitoneum, 833-835, 834f, 837, 844 
Haemophilus influenzae, 1273 
Haemorrhage 

adrenal, 635, 635f, 1464, 1464f 
first trimester, 751-753, 752f 
germinal matrix, 1260-1263, 1262f-1265f, 
1262t 

intraparenchymal, 1285 
intrauterine, 751-753 
intraventricular, neonatal, 1260-1263, 
1262f-1265f, 1262t 

kidneys 

cysts, 489f-490f, 490 
post-renal biopsy, 456-457, 457f 
renal cell carcinoma, 513 
transplantation, 535 
trauma, 839 
and liver biopsy, 170 
ovarian cysts, 663-664, 664f-665f, 1485, 
1486f 

pancreatitis complications, 299 
parenchymal, 1270, 1271f 
post-liver transplantation, 212-213, 221 
retina, 952 

retrohyaloid, 949-950, 950f 
small bowel, 1393 
subarachnoid, 982, 982f 
subchorionic, 752-753, 752f 
subdural, 1285 
subretinal, 956-957 
vitreous, 950, 950f, 952, 956, 956f 
Haemorrhagic stroke, 982-983 
Haemo thorax, 1009 

in children, 1344, 1346f 
Haglund's deformity, 1103 
Hamartomas 
breast, 991 

mesenchymal, 1362-1363 
spleen, 337, 338f 
Hammer toe, 1106-1107 
Hamstrings, 1072-1075, 1075f 
Hand, 1055-1068 

anatomy, 1055-1057 

injection of the small joints of, 1179-1180, 
1180f 

interventional techniques, 1175-1180 
ligament and fibrocartilage disorders, 
1063-1064, 1063f-1064f 
lipomas, 1066 

space-occupying lesions, 1066-1067, 1067b 
technique, 1055-1057 
tendon tears, 1057-1059 
Handedness, epidemiological studies, 57 
Harcke technique, 1501-1503, 1502f-1503f 
Harmonic imaging, 8, 13b, 24-25, 24f 
abdominal trauma, 829 
bladder, 551-552 
second, 81-82, 82f 
Hartmann's pouch, 227 
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Hashimoto's thyroiditis, 869, 880, 883f 
in children, 1310 

Head masses in children, 1294-1314 
Heart 

anatomy, 77 

contrast imaging, 85-86, 86f 
disease, hepatic venous waveforms in, 
195-197, 197f 

thrombus, contrast imaging, 86, 86f 
Heart block, complete, 197 
Heating 

due to tissue absorption, 52-53 
experimental investigation of, 52-53 
implications of, 53-54, 54b 
mechanisms, 52, 52t 
transducer, 53 
Helicobacter pylori , 360 
Hemidiaphragm, 1007f-1008f, 1008 
Henoch-Schonlein purpura, 379t, 1443, 1444f 
in children, 1393-1394, 1393f-1394f 
scrotal involvement, 1494 
Hepatic alveolar echinococcosis (HAE), 130 
Hepatic arteries, 189-192 

anatomy, 94, 94f, 102, 189, 232f 
aneurysms, 192, 192f 
flow changes in portal hypertension, 182 
hereditary haemorrhagic telangiectasia, 
192, 193f 

liver transplantation complications, 205, 
209b 

normal anatomical variants, 228, 232f-233f 
normal findings, 189-192 
pre-liver transplantation assessment, 
202-203, 203f 

pseudo-aneurysm, post-transplantation, 
208-209, 209f 
scanning techniques, 189 
stenosis, post-transplantation, 207-208, 
208f, 220 

thrombosis, post-transplantation, 205-207, 
206f-207f, 219-220, 219f 
Hepatic ducts, 227 
anatomy, 95, 228f 

normal anatomical variants, 227-228 
Hepatic pedicle, 93 
Hepatic veins, 192-197 

anatomy, 94-96, 94f-95f, 102-103, 
102f-103f, 192-193, 194f 
liver transplant complications, 210-211, 

220 

normal anatomical variations, 193-194 
occlusion, post-transplantation, 210-211 
outflow obstruction, 194-195, 196f 
peliosis hepatis, 197, 197f 
pre-liver transplantation assessment, 202, 
202f 

scanning technique, 192-193 
stenosis, post-transplantation, 210-211, 
211f 

thrombosis, 194-195, 196f (see also 
Budd-Chiari syndrome) 
transit times, 197 
veno-occlusive disease, 195, 196f 
waveforms, 194, 194f-195f 

in cardiac and pulmonary disease, 
195-197, 197f 
Hepatitis, 120-123, 121f 
acute, 120-122, 121t 
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alcoholic, 121-122, 122f 
in children, 1358t 
viral, 120-121, 121t, 122f 
in children, 1357, 1358t 
chronic, 122-123, 123f 
in children, 1357 

gallbladder wall thickening in, 243, 244f 
granulomatous, 132-133 
see also Hepatitis B; Hepatitis C 
Hepatitis B 

hepatocellular carcinoma risk, 153 
post-liver transplantation, 215-216 
Hepatitis C 

hepatocellular carcinoma risk, 153 
and non-Hodgkin's lymphoma, 160 
post-liver transplantation, 215-216 
Hepatoblastomas 

in children, 1360-1361, 1361f 
liver transplantation complications, 221 
Hepatocellular carcinoma (HCC), 153-156, 
157f-159f, 201f 

arterial neo-angiogenesis, 155-156 
basket pattern, 155-156 
in children, 222, 1361 
and cirrhosis, 153-156, 155f-156f 
differentiation from adenomas, 145 
diffuse, 155 

dysplastic nodules and, 154-156, 156f 
fibrolamellar, 160, 201, 216 
incidence, 153 

intraoperative ultrasound, 278-279, 278f 
massive, 155 
nodular, 155 

percutaneous ethanol injection, 174t 
poorly differentiated, 158f 
post-liver transplantation, 216, 222 
pre-liver transplantation ultrasound, 
200-201 

presentation, 155-156 
pseudo-capsule, 155 
radio-frequency ablation, 174-175, 

174t-175t 

regenerating nodules and, 154-156, 155f 
screening and surveillance, 153-154 
well-differentiated, 155, 156f, 159f 
Hepatogastric ligament, 93 
Hepatomegaly, 101 
Hepatorenal fossa, 413, 808 
Hepatorenal syndrome, 453, 484 
Hereditary haemorrhagic telangiectasia 
(HHT), 192, 193f 

Hereditary neuropathy with liability to 
pressure palsies (HNPP), 

1161-1162 

Herlyn-Werner-Wunderlich syndrome, 710 
Hermaphrodites, 1476-1477 
Hernias, 1076-1081, 1080b 

abdominal wall, 801-805, 1081 
Bochdalek, 1348-1349, 1350f 
diaphragmatic, 1348-1350, 1350f 
epigastric, 804, 804f 

femoral, 803-804, 804f, 1079-1080, 1080f 
incisional, 804, 1081 
inguinal, 612, 802-803, 802f 
direct, 802-803, 804f 
indirect, 802, 803f 
inguinal-scrotal, 1491 
inguinofemoral, 1076-1079 
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lumbar, 804 
Morgagni, 1348-1349 
muscle, 1113, 1114f 
myofascial, 1154-1155, 1155f 
para-umbilical, 804 
parts of, 801, 802f 
postoperative, 805, 805f-806f 
Spigelian, 804, 1081, 1081f 
sportsman's, 804-805 
types of, 802b 
umbilical, 804, 1081 
Herniography, 1076-1077 
Herpes simplex, 1273, 1274f 
Heterotaxy syndrome, 330, 331f 
Heterotopic gestation, 753 
High pass filtering, 28, 28f 
Hill-Sachs deformity, 1041, 1041f 
Hindfoot injections, 1188, 1188f 
Hip 

anatomy, 1498, 1498f 
anterior capsular distance, 1503, 1504t 
arthroplasty, 1071-1072, 1072f 
aspiration, 1069-1070, 1181-1184, 1184b, 
1184f 

blind aspiration or injection, 1069-1070 
capsular thickening, 1070t 
clinical examination, 1498 
developmental dysplasia of the, 1497, 
1498t 

direct needle visualisation, 1070 
femoroacetabular impingement, 

1070-1071 

Graf technique see Graf technique, hip 
examination 

Harcke technique, 1501-1503, 1502f-1503f 
injection, 1069-1070, 1071f, 1181-1182 
interventional techniques, 1181-1185, 
1182f-1183f 

irritable, 1503-1505, 1504f 
joint effusion, 1069-1070, 1070f-1071f, 
1070t 

labral abnormalities, 1070-1071, 1072f 
paediatric, 1497-1505, 1505b 
Terjesen technique, 1503 
transducer choice, 1069 
transient synovitis, 1503-1504, 1504f 
ultrasound examination, 1498-1503 
ultrasound-guided aspiration, 

1069-1070 

Histiocytic necrotising lymphadenitis, 934 
Histiocytomas 

extra-testicular, 611 
malignant fibrous, 1123 
Histocompatibility testing, 529 
HIV see Human immunodeficiency virus 
(HIV) 

Hodgkin's disease, 263, 263f, 1348f 
in children, 1307 
liver metastases, 160 
spleen in, 331-333 
thyroid, 880 

Hoffa's ganglia, 1186, 1187f 
Holoprosencephaly, 1280, 1282f 
Hormone replacement therapy (HRT), 
705-706 

Horseshoe kidneys, 424-425, 425f, 1419-1420, 
142 If 

Housemaid's knee, 1089 
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Human chorionic gonadotrophin (hCG), 667 
in in-vitro fertilisation, 736 
ovarian hyperstimulation syndrome, 738 
Human immunodeficiency virus (HIV)- 
associated nephropathy, 465 
cervical lymph nodes in, 934 
and liver disease, 131-132 
salivary gland disease in, 1308, 1308f 
Human papilloma virus (HPV), 714 
Humero-radial articulation, 1043 
Humero-ulnar articulation, 1043 
Humerus, supracondylar process, 1160 
Hurthle cell neoplasms, 878 
Hyaline bodies, 948, 948f 
HyCoSy see Hystero-contrast-sonography 
(HyCoSy) 

Hydatid disease, 129-130, 130f-131f, 170 
in children, 1363-1364 
hepatic alveolar, 130 
presentation, 487 
renal, 464, 490-491 
renal involvement, 1453-1454 
soft tissue involvement, 1117 
spleen, 339-340, 341f 
Hydranencephaly, 1283, 1283f 
Hydroceles, 611-612, 613f 
abdominal wall, 805-806 
paediatric, 1491, 1491f 
Hydrocephalus, 1274-1279, 1277f-1280f 
Hydrocolpos, 716, 1473, 1476f 
Hydrometrocolpos, 1473, 1476f 
Hydromyelia, 1325, 1328 
Hydronephrosis, 421, 422f, 1433 
in the newborn, 1433 
physiological, of pregnancy, 421, 422f 
postnatal evaluation of antenatally 
detected, 1433-1434 
renal, 493, 494f 
in renal transplantation, 542 
Hydrops, gallbladder, 251, 253f 
Hydrosalpinx 

as a cause of subfertility, 733, 733f 
pelvic inflammatory disease, 682, 

682f 

Hymen, imperforate, 1473, 1476f 
Hyoglossus muscle, 891-895 
Hyoid bone, 893, 913 
Hyperbilirubinaemia 
conjugated, 1368 
unconjugated, 1367 
Hypercalciuria, idiopathic, 1445 
Hypereosinophilic syndrome, 134 
Hyperoxaluria, 1445 
Hyperparathyroidism, 884, 887 
in children, 1445 

Hyperplastic cholecystoses, 247, 248f 
Hyperreactio luteinalis, 667-668 
Hypertension 

in children, 1455-1457 
kidney disease, 449 
renal artery stenosis, 448 
renovascular see Renal arteries, stenosis; 
Renovascular hypertension 
Hypertrophic pyloric stenosis (HPS), 
1385-1386, 1385f 

Hypoalbuminaemia, 242-243, 243f 
Hypoglycaemia, 1283-1284, 1284f 
Hypotension, 843 


Hypoxic ischaemic encephalopathy, 1264- 
1269, 1266b, 1267t, 1268f-1270f 
Hysterectomy, 697-700 
fibroids, 693-694 
subtotal, 697-700 

Hystero-contrast-sonography (HyCoSy), 

653-654, 688, 688f, 734-735, 735f 
Hysterography, saline infusion see Saline 
infusion hysterography 
Hysterosalpingogram (HSG), 656-657, 658f, 
688, 688f 

Hysteroscopy, 688 

I 


Ileitis, 377, 377f 

Ileocaecitis, infectious, 377, 377f 
Ileocolic veins, 388 
Iliac arteries, 773 

aneurysm, 779, 780f 
in renal transplantation, 532 
stenosis, 1201, 1203f, 1206 
Iliac fossae, 369-370, 370f 
Iliacus, 647 
Iliac veins, 792, 1228 
assessment, 1233-1234 
in renal transplantation, 532 
spontaneous flow, 1230-1231 
Ilioinguinal nerve, 1081 
Iliopsoas bursal injection, 1185, 1186f 
Iliopsoas muscle, 1072-1073, 1073f-1074f 
Iliotibial band, 1084, 1085f, 1091 
Images, 16-17, 16f 

B-mode imaging, 17-18 
formats, 18-20, 19f 
frame averaging, 26, 26f 
memory, 25 
processing, 23-26 

colour Doppler imaging, 30b 
demodulation, 25, 25f 
dynamic range, 23-24, 24f 
field of view, 25-26 
harmonic imaging, 24-25, 24f 
image memory, 25 
post, 26, 26f 
pulse coding, 25, 25f 
time gain compensation, 23 
zoom, 25-26 
quality of, 31 
Image speckle, 6-7, 7f 
Imagify, 79t, 81 
Imavist, 79t, 80 

Immunosuppression, renal transplantation, 
529-530 

Imperforate anus, 1399, 1399f 
Impingement syndrome, shoulder, 1032-1033, 
1033f, 1036b 

Inborn errors of metabolism, 1284, 1357-1358 

Incidentalomas, thyroid, 881-882 

Incisional hernias, 804, 1081 

Indifferent gonads, 1468 

Inertial (transient) cavitation, 78, 87 

Infarcts 

neonatal brain, 1269-1272, 1270f, 1272f 
omental, 1401-1402, 1402f 
prostate, 589t 
pulmonary, 1018 


renal, 477-478, 478f-479f 
splenic, 340-342, 341f, 342t, 838 
testicular, 603, 604f, 614-615, 614f 
Infections 

abdominal aortic aneurysms, 775 
abdominal wall, 799-800, 801f 
bladder, 568, 568b 
breast, 989 
colitis, 1399 
joint, 1134-1135, 1135b 
muscle, 1156, 1156f 
neonatal brain, 1273-1274 
postnatal causes, 1273-1274, 
1275f-1276f 

prenatal causes, 1273, 1274f 
pancreatic, 299-301, 300f 
parotid gland, 903 
pelvi-ureteric dilatation, 434 
post-liver transplantation, 215, 215f 
renal cysts, 490-491, 490f 
spleen, 338-340, 340f 
splenomegaly, 332t 
see also specific infections 
Inferior epigastric vessels, 1077 
Inferior mesenteric artery (IMA), 773, 789, 
790f 

Inferior oblique muscle, 959-960 
Inferior vena cava (IVC), 792-795 
abnormal findings, 792-794 
anatomy and flow patterns, 792, 792f, 792t 
assessment, 1233-1234 
caval filters, 794, 794f 
fistulae, 795, 795f 
liver, 94-95, 94f-95f 
liver transplantation, 220, 794, 794f 
membranous obstruction, 195 
objectives of the scan, 792 
portacaval anastomosis, 795f 
renal cell cancer propagation into, 480, 
480f 

scanning technique, 792, 793f 
thrombosis, 792, 793f 
tumour obstruction, 793-794, 793f 
Infertility 
male 

evaluation of, 584 
obstructive, 580t 
see also Fertility; Subfertility 
Inflammatory arthritis, 1130 
Inflammatory masses 
in children, 1303-1307 
liver, 1364-1365 

Inflammatory pseudo-tumour (IPT), liver, 

131, 150 

Inflammatory soft tissue masses, 1116-1117 
Infrapatellar bursa, 1089 
Infrapatellar fat pad impingement, 1186 
Infraspinatus, 1030, 1031f 
fatty infiltration, 1035, 1035f 
Infundibular stricture, 434 
Inguinal canal evaluation, 1077 
examination technique, 1077 
normal anatomy, 1077 
normal ultrasound appearances, 1077, 
1078f-1079f 

Inguinal hernia, 612, 802-803, 802f 
direct, 802-803, 804f 
indirect, 802, 803f 
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Inguinofemoral hernias, 1076-1079 
bulging, 1079, 1080f 
differing imaging modalities, 1076-1077 
inguinal canal evaluation, 1077 
examination technique, 1077 
normal anatomy, 1077 
normal ultrasound appearances, 1077, 
1078f-1079f 
overview, 1076-1077 
postoperative evaluation, 1079, 1080f 
pre-hernia complex, 1079 
ultrasound appearance of, 1077-1078, 
1078f-1079f 
In-plane resolution, 15 
Inspissated bile syndrome, 1370, 1372f 
Insulinomas, 279, 313-314, 316f 
Intensity, 5, 5f 
Intensity spatial average, 15 
Intensity spatial peak, 15 
Intensity spatial peak pulse average, 15 
Intensity spatial peak temporal average, 15 
Intercostal artery, 1012, 1012f 
bleeding, 1013, 1013f 
Interference, 5-6, 6f, 8b 
Intermenstrual bleeding, 688 
Intermittent claudication, 1198 
Internal oblique muscle, 1076 
Interosseous ligaments, 1101 
Interstitial ectopic gestation, 757, 757f-758f, 
757t 

Interstitial laser photocoagulation (ILP), 

859 

Interstitial nephritis, acute, 451, 452f 
Interventional techniques 
abdomen, 847-864 
joints, 1135 

musculoskeletal procedures, 1168-1193 
elbow, 1173-1175 
foot and ankle, 1187-1190 
foreign body localisation, 1190-1191 
hip, 1181-1185 
knee, 1185-1187 
masses, 1191-1193 
pelvis, 1180-1181 
risks of, 1169b 
shoulder, 1170-1173 
wrist and hand, 1175-1180 
see also specific techniques 
Intestines 

large see Colon 
small see Small bowel 
Intracranial pressure, transcranial Doppler 
ultrasound, 980 

Intraductal papillary mucinous neoplasm 
(IPMN), 312, 313f 
Intradural lipoma, 1324 
Intrahepatic biliary cystadenoma, 149-150 
Intraocular lens implant, 943, 943f 
Intraoperative ultrasound (IOUS), 273-281 
clinical applications, 275-280 
biliary tree, 279-280, 280f 
liver, 275-279, 275f-279f 
pancreas, 279, 279f, 291-293, 293f 
urology, 280, 280f 

contrast-enhanced see Contrast-enhanced 
intraoperative ultrasound 
(CE-IOUS) 

equipment, 273-275, 274f 
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laparoscopic see Laparoscopic ultrasound 
techniques, 273-275, 275f 
Intraperitoneal fluid, ectopic pregnancy, 756, 
757f 

Intrarenal vessels, 470-471, 477 
Intrauterine devices (IUDs), 706-708, 
707f-709f 

Intravenous urography (IVU), transitional cell 
carcinoma, 518 

Intraventricular haemorrhage, neonatal, 
1260-1263, 1262f-1265f, 1262t 
Intussusception 

in children, 1390-1391, 1392f 
colonic, 402, 405f 
small bowel, 384, 1391 
In-vitro fertilisation (IVF), 667 

scanning through a cycle, 735-738, 738b 
downregulation, 735-736 
embryo transfer, 737, 737f 
follicular development, 736, 736f 
oocyte capture, 736-737, 736f 
ovarian hyperstimulation syndrome, 
738, 738f, 738t 

IPMN (intraductal papillary mucinous 
neoplasm), 312, 313f 

Iris, 940 
Ischaemia 

acute, peripheral arterial disease, 1211 
liver, 206-207, 207f 
lower limb, 1198, 1211 
small bowel, 379, 379t 
symptoms, 965-966 
Ischaemic colitis, 399t, 401, 402f 
Ischaemic stroke, 982-983 
Islet cell tumours 

endoscopic ultrasound, 279 
intraoperative ultrasound, 279 

J 


Jaundice, 253-254 
causes of, 253 
diagnosis, 253-254 
gallbladder distension in, 256-258 
medical, 253 

neonatal, 1367-1372, 1371b 
prolonged, 1368 
surgical causes of, 1368-1372 
obstructive, 253-255, 254f 
in older children, 1372-1375, 1374b 
surgical, 253-254 
Jejuno-ileal atresia, 1388-1389 
Jersey finger, 1058 
Joint effusion 

ankle, 1104, 1106 
elbow, 1047, 1047f 
glenohumeral joint, 1040, 1040f 
hip, 1069-1070, 1070f-1071f, 1070t, 1503, 
1504f 

knee, 1088, 1088f-1089f, 1089b 
monitoring, 1132 

ultrasound features of, 1129, 1129b, 
1129f 

Joint(s), 1029, 1029f 
aspiration 
elbow, 1053 
hip, 1069-1070, 1071f 


cysts, 1134, 1134f 
effusion see Joint effusion 
infection, 1134-1135, 1135b 
interventional techniques, 1135 
masses, 1133-1134 
rheumatological ultrasound, 1126 
ultrasound-guided techniques, 1135 
Jugular varix, 1301, 1302f 
Jugular veins, 908 

thrombosis, 908-909, 910f-911f, 1304 
in thyroid carcinoma, 873 
Jugulodigastric node, 908, 925, 925f 
Jumper's knee, 1084-1086, 1086f 
Juvenile nephronophthisis, 1438 
Juvenile recurrent parotitis, 905, 905f 
Juxtarenal process, 1448, 1451f 
Juxtaventricular cysts, 1257-1258 

K 


Kager's fat pad, 1093-1094 
Kaposi's sarcoma, 1121 
Kasabach-Merritt syndrome, 140, 334, 1301 
Kasai procedure, 216, 1369 
Kidneys, 413-427 

abscesses, 462, 462f, 496-497, 496f-497f, 
1452f 

access sites, 415, 415f 
acute tubular necrosis, 484 
adenomas, 508, 508f 
metanephric, 508 
papillary, 508 

anatomical relations, 413, 414f 
anatomy, 413-414, 414f 
aneurysms, 495-496, 496f 
angiomyolipoma, 509-512, 509f-511f 
arteriolar resistance, 469 
arteriovenous fistula, 481, 481b, 481f 
arteriovenous malformations, 481-482, 
482f-483f, 495-496, 507 
atrophy, 425, 426f 
autonephrectomy, 463-464, 465f 
bifid renal pelvis, 1420, 1422f 
biopsy, 455-458 

complications, 456-457, 457f 
contraindications, 455-456 
indications, 455-456 
renal transplant, 457-458 
technique, 456, 456f 
blood flow 

changes in pelvi-ureteric dilatation, 
440-441 

damped waveform, 476 
disturbance (turbulence), 476 
increased velocity, 475-476, 476t, 478f 
calcification, 451, 451b, 451f, 463-464, 465f 
candidiasis, 1453, 1455f 
in children, 1409, 1411b 

abnormalities, 1418-1420, 1418f 
cystic disease, 1435b, 1435t 
duplex anomalies, 1420-1422, 1423f 
end-stage failure, 1444-1445 
fetal lobulation, 1412 
infectious diseases of, 1453-1454 
malignancy, 1458-1462 
normal appearances, 1409-1412, 1416f, 
1416t 
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normal sonographic values, 1412-1418 
transplantation, 1444-1445 
trauma, 1458f 

collecting duct carcinoma, 517 
collecting system, 413, 421-422, 422f 
duplex, 423, 423f 
column of Bertin, 505, 506f 
congenital solitary, 425-426 
congenital variants, 423-426, 426b 
contrast imaging, 84-85, 85f, 467, 470f 
cortex 

calcification, 446 
changes in disea25, 446-447 
necrosis, 1444 

normal ultrasound appearance, 
418-419, 419f-420f 
thickness, 415-417, 416f 
crossed fused ectopia, 1420, 1421f 
cystic dysplasia, 1437-1438, 1439f 
cysts, 453-454, 454f, 486-504, 502b 
acquired, 498, 498b, 499f 
calcified, 491-492, 491f 
in children, 1434-1440 
classification, 488t, 489f 
complicated, 488-492 
contrast imaging, 85f 
differential diagnosis, 493-498, 
493f-497f, 498b 
haemorrhagic, 489f-490f, 490 
hereditary, 1439 
infected, 462, 490-491, 490f 
localised, 498 
lymphatic, 493-495, 495f 
malignant, 492, 492f, 493b 
medullary, 502 
milk of calcium, 492 
multicystic dysplastic kidney, 498-499, 
499f, 502b 

multiple simple, 488, 488f 
polycystic kidney disease see Polycystic 
kidney disease 
septations, 488 

simple, 486-488, 487f-488f, 488b 
simple cyst, 1439 
syndromal, 1439 

tuberous sclerosis, 502, 502b, 502f-503f 
Von Hippel-Lindau disease, 500-502, 
501f, 502b 

development, 1407, 1407f-1408f 
diffusely echogenic, 1440-1442, 1440t, 
1442t, 1443f 

dilated pelvicalyceal system, 493, 494f, 518 
discoid, 1419f 

disease, 445-459 (see also specific diseases) 
acquired cystic, 453-454, 454f 
acute cortical necrosis, 452, 452f 
acute interstitial nephritis, 451, 452f 
acute tubular necrosis, 449 
amyloid, 452, 452f 

autosomal dominant polycystic, 97-98, 
98f 

connective tissue disorders, 453, 453f 
cortical changes, 446 
corticomedullary differentiation, 
446-447 

diabetes mellitus, 452-453 
dialysis patients, 454-455, 455f 
end-stage, 454f 
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glomerulonephritis, 449 
hepatorenal syndrome, 453 
medical, in children, 1442-1444 
medullary changes, 446-447 
medullary sponge kidney, 450, 450f 
nephrocalcinosis, 451, 451f 
renal papillary necrosis, 449-450, 450f 
renal size, 445 
sickle cell disease, 453 
ultrasound features, 445-447 
vascular disorders, 447-449, 449f 
diverticula, 493, 494f 
Doppler imaging see Doppler imaging, 
kidneys 

dromedary hump, 505, 506f 
duplex, 435-436, 437f-438f 
anomalies, 1420-1422 
collecting system, 423, 423f 
dysplasia, 1437-1438, 1439f 
ectopic, 418, 418f, 423-424, 424f-425f, 1419, 
1419f 

examination techniques, 415-418, 415b 
extramedullary haematopoiesis, 507 
extrarenal pelvis, 1412, 1417f 
failure 

acute, 446f 

in children, 1442-1443 
in children, 1442-1443 
chronic 

in children, 1442-1443 

Doppler imaging, 484 
end-stage, 1444-1445 
fetal lobulation, 414, 420, 420b, 1416f 
fungal infections, 464, 465b 
glomerulonephritis, acute, 484 
granulomatous pseud-tumours, 507 
haemangioma, 512 
haematoma, 495, 496f 
hepatorenal syndrome, 484 
hereditary tumours/syndromes, 522 
hilum, 413 

horseshoe, 424-425, 425f, 1419-1420, 1421f 
hydatid disease, 464 
hydronephrosis, 493, 494f 
hypertension see Renovascular 
hypertension 

and hypertensive disease, 449 
hypoplasia, 425, 426f 
infarction, 477-478, 478f-479f 
infectious diseases of, 460-466 
intraoperative ultrasound, 280, 280f 
intrarenal vessels, 470-471, 477 
junctional parenchymal defect, 414, 414f 
leiomyoma, 512 
leiomyosarcoma, 521, 523f 
leukaemia, 521 

liver transplantation complications, 214 
lobar nephronia, 460-462, 461f 
lymphatic cysts, 493-495, 495f 
lymphoma, 521, 521b, 522f 
main renal trunks, 471-472, 471f-473f 
malacoplakia, 463 
medulla, 418-419, 420f 
carcinoma, 517 
changes in disease, 446-447 
fibromas, 512 
necrosis, 1444 
metastases, 521 
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mixed epithelial and stromal tumour, 492, 
497-498 

multilocular cystic nephroma, 497-498, 
497f 

nephropathy, HIV-associated, 465 
nephroptosis, 418, 419f, 1419 
normal ultrasound appearances, 418-422, 
1409-1412, 1410f-1411f, 1416f 
number abnormalities, 1418 
obstruction, 300 
oncocytoma, 508-509, 509b 
pancake, 424, 425f 
papillary necrosis, 493, 493f 
parasitic infections, 464-465, 465b 
parenchyma 
disease 

Doppler studies, 484b 
vascular aspects, 483-484 
infection, 460 

normal ultrasound appearance, 
418-421, 419f 
thickness, 415-417, 416f 
partial duplication, 1420 
pelvic, 1419f 
perirenal structures, 417 
persistent fetal lobulation, 505 
position abnormalities, 1419-1420 
positioning for examination, 415 
post-obstructive cystic dysplasia, 499, 499f 
pre-renal failure, 484 
pseudo-tumours, 505-507, 506b 
pyelonephritis 

acute bacterial, 460, 461f 
chronic, 462, 464f 
xanthogranulomatous, 463, 465f 
pyonephrosis, 462, 463f 
pyramids, 493, 493f 
renal cell carcinoma see Renal cell 
carcinoma 

renal sinus, 413, 420b, 421-422, 421f 
reninoma, 512 

rotational abnormalities, 1419 
sarcoma, 521 

scarring, 462, 464f, 505, 506f, 1452f 

schistosomiasis, 464-465 

septa of Bertin, 420-421, 420b, 421f 

size, 415, 416f, 416t, 445, 475, 475t 

small, 475, 475t 

small vessels, 467, 484 

splenic humps, 420, 420b, 420f 

splenorenal fusion, 505-507 

stones, 430, 430b, 430f-431f 

supernumerary, 1418 

thoracic, 1419, 1420f 

transitional cell carcinoma, 517-521 

transplantation see Renal transplantation 

trauma, 838-841, 845, 845f 

in children, 1457-1458, 1457f-1458f 
classification, 839-840, 839t 
general considerations, 838-841 
mechanisms of injury, 839-840 
ultrasound findings, 840-841, 840f-841f 
tuberculosis, 463-464, 465b, 465f, 
1453-1454 

tuberous sclerosis, 1441f 
tubulo-interstitial disease, 484 
tumours, 478 

ultrasound technique, 1409 


unilateral agenesis, 1418, 1419f 
vascular anatomy, 468-469, 468f 
vascular disorders of, 467-485 
in children, 1454-1455 
vascular response to disease, 483-484 
vasculitis, 484, 1443 

vessels, 417-418, 417f, 421-422, 421f, 423f 
viral infections, 465b 
Kikuchi disease, 934 
Kimura disease, 934 
Klatskin tumours, 156-157, 261f 
Klebsiella pneumoniae 
liver abscess, 124 
renal abscess, 496 

Klippel-Trenaunay syndrome, 334, 336f 
Knee, 1084-1092 

anatomy, 1084, 1085f-1086f 
anterior, 1084-1089 
Baker's cyst, 1089, 1090b, 1090f 
biceps femoris, 1091, 109If 
cruciate ligaments, 1090 
iliotibial band, 1091 
interventional techniques, 1185-1187 
joint aspiration, 1185-1186, 1186f-1187f 
joint effusion, 1088, 1088f-1089f, 1089b 
lateral, 1091 

lateral collateral ligament, 1091 
lateral meniscus, 1091 
medial, 1090-1091 
medial collateral ligament, 1090 
medial meniscus, 1090-1091, 1090f-1091f 
Osgood-Schlatter disease, 1088 
other bursae, 1089, 1089f 
patellar tendinosis, 1084-1087, 
1086f-1087f 

pes anserinus bursa, 1091 
popliteus tendon, 1091 
posterior, 1089-1090 
proximal tibiofibular joint, 1091 
quadriceps and patellar tendons tears, 
1087-1088, 1087f-1088f, 1088b 
synovial biopsy, 1185-1186 
ultrasound examination, 1084 
Krukenberg tumour, 678, 680f 
Kupffer cells, deficiency/dysfunction, 139 
Kuttner tumour, 897, 897f 

L 


Labral cyst, 1037, 1038f 
Lambda sign, 747-748 
Laparoscopic ultrasound 
biliary tree, 236, 273, 279 
equipment, 274, 274f 
islet cell tumours, 279 
liver, 273 

pancreas, 291-293, 293f 
radio-frequency ablation, 278-279, 278f 
technique, 275 
urology, 280 

Large-bore vacuum-assisted biopsy, 1001- 
1002, lOOlt 

Large bowel see Colon 
Laryngocele, 917 
Larynx, 913, 914b 
tumours, 917 

Lateral epicondylitis, 1049, 1050f 
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Lateral humeral condyle fracture, 1051 
Lateral ligamentous complex, ankle, 1099 
Lateral meniscus, 1091 
Lateral rectus muscle, 959-960 
Latero-conal ligaments, 816 
Left ventricle, apical thrombus, 86, 86f 
Left ventricular opacification (LVO), 79, 85-86 
Leg see Lower limb 

Legg-Calve-Perthes disease, 1504, 1505f 
Leiomyomas, 1121 
epididymis, 610 
renal, 512 
Leiomyosarcomas 
bladder, 562 
extra-testicular, 611 
malignant, 1121 
renal, 521, 523f 
retroperitoneal, 819 
uterine, 693, 693f 
Lemierre's syndrome, 1304 
Lens, 943 

cataract, 943, 943f 
ectopia lentis, 943, 944f 
intraocular implant, 943, 943f 
trauma, 956, 956f 
Lenses, 10-11, Ilf 

Lenticulostriate vasculopathy, 1272, 1273f 

Lesser omentum, 93, 808 

Leukaemia 

in children, 1307, 1461 
prostate gland, 589t 
renal involvement, 521, 1461 
testicular involvement, 602, 602f, 1494 
Leukocoria, 949, 955 

Leukodystrophy, metachromatic, 1375-1376 

Levator ani muscles, 576, 647 

Levator fascia, 573 

Levator palpebrae, 960 

Levonorgestrel, 689 

Levovist, 81, 140 

Leydig cell tumour, testicular, 601, 601f, 1494 

Lidocaine, 1169-1170 

Ligaments, 1028, 1028f 

Ligamentum teres, 93, 98 

Ligamentum venosum, 93 

Lighthouse phenomenon, 1006-1007 

Limy bile, 240 

Lipid-stabilised contrast microbubbles, 79-80 
Lipohaemarthrosis, knee joint, 1088, 1089f 
Lipoleiomyoma, uterine, 695 
Lipomas, 1117, 1119f 

abdominal wall, 805, 806f 
breast, 991, 99If 
chest wall, 1005-1006 
in children, 1352 
colonic, 402, 404f 
filum terminale, 1324 
gastric, 362, 363f 
hand, 1066 

inter-/intramuscular, 1117 
intradural, 1324 
liver, 149 

oesophageal, 358, 359f 
paediatric, 1511-1512, 1511f-1512f 
retroperitoneal, 819-820 
size and shape, 1110, llllf 
small bowel, 381 
spermatic cord, 609, 61Of 
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spinal, 1322-1324, 1323f 
subcutaneous, 1117 
submandibular region, 898, 899f 
uterine, 695 
variants, 1119 

Lipomyelomeningocele, 1323 
Lipomyeloschisis, 1323, 1323f 
Liposarcomas, 1119 
abdominal wall, 806 
retroperitoneal, 819-820, 821f 
spermatic cord, 611 
Lippes loop, 707, 708f 
Lissencephaly, 1281-1282 
Lister tubercle, 1055, 1056f 
Liver 

abscess, 124-127, 145-146, 146f-147f 

amoebic, 126-127, 127f-128f, 1364-1365 
bacterial, 123f-126f, 124-126, 145-146 
brucellar, 126 

in children, 1364-1365, 1364f 
acute failure, 199-200, 217 
acute fascioliasis, 131 
adenoma, 143-145, 145f, 1363 
alcoholic disease, 216 
amyloid, 117 

anatomical variants, 1356-1357 
anatomy, 93, 1356 

segmental, 95-96, 96b, 179, 180f 
variations, 96-98, 96f-98f 
angiomyolipoma, 149 
attenuation, diffuse parenchymal liver 
disease, 104, 105f 
biliary architecture, 94-95 
biliary cystadenocarcinoma, 161 
biliary epithelial dysplasia of the 

intrahepatic bile ducts, 150 
biopsy, 167-170 

complications, 170, 170b 
image-guided approach, 167-168, 168f 
indications, 169, 169b, 169f 
patient management, 170, 170b 
percussion-palpation approach, 167 
quality of specimen, 168-169 
technique, 167-169, 168t 
type of needle, 168 
blind area, 99, 99f 
blunt trauma, 148 
calcification, 134, 134t, 135f 
cat scratch fever, 133-134 
caudate lobe, 96, 97f 

measurement, 101, lOlf 
in children, 1356-1375, 1357f 
abscesses, 1364-1365 
anatomical variants, 1356-1357 
anatomy, 1356 

diffuse parenchymal disease, 1357-1360 
focal lesions, 1360-1364 
inflammatory masses, 1364-1365 
jaundice in older children, 1372-1375 
neonatal jaundice, 1367-1372 
portal hypertension, 1365-1367 
technique, 1356 
vascular disorders, 1365-1367 
cholangiocarcinoma, 156-160 
chronic disease, 200-201, 216-217 
chronic granulomatous disease, 133 
cirrhosis see Cirrhosis 
classic lobule, 95 
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computed tomography 
focal lesions, 138 
congenital anomalies, 97 
congenital fibrosis, 1360 
congenital generalised lipodystrophy, 

116 

contrast imaging, 84, 85f, 138-139, 139t 
diffuse parenchymal liver disease, 104 
Couinaud classification, 93, 95-96, 179, 
180f, 193 

cystic fibrosis, 117-118, 117f 
cysts, 97-98, 98f 

in children, 1363-1364, 1364f 
developmental variations, 96-98 
diffuse parenchymal disease, 104-119, 
1357-1360 

disease 

adult polycystic, 97-98, 98f 
in children, 1357-1358 
diffuse parenchymal, 104-119 
metabolic causes, 1357-1358, 1358t 
ductal morphology, 102-103, 102f-103f 
echinococcal infection, 129-130, 130f-131f 
echogenic lesions, 1364 
echo pattern, 104-105, 106f 
enlarged, 101 

epithelioid haemangioendothelioma, 
160-161 

fatty see Fatty liver 

fetal circulation, 94f 

fibrolamellar hepatocellular carcinoma, 

160 

fibronodular hyperplasia, 142-143, 
144f-145f 
fibrosis. 111, lllf 

focal lesions, 138 (see also specific lesions) 
benign, 140-150 
in children, 1360-1364 
contrast imaging, 84 
fracture, 835-836 
fungal infection, 127-128, 128f 
glycogen storage diseases, 116 
granulomatous hepatitis, 132-133, 132t, 
133f-134f 

haemangioma, 1362, 1363f 

cavernous, 140-142, 141f-142f 
fibrotic, 141-142, 143f 
haematoma, 148, 149f, 837, 838f 
haemochromatosis, 117 
hepatitis see Hepatitis 
hepatocellular carcinoma see 

Hepatocellular carcinoma (HCC) 
histology, 169 
HIV/AIDS, 131-132, 132t 
hypereosinophilic syndrome, 134 
infections and inflammations, 120-137 
inflammatory masses, 1364-1365 
inflammatory pseudo-tumour, 131, 150 
intrahepatic biliary cystadenoma, 149-150 
intraoperative ultrasound, 275-279, 
275f-279f 

metastatic disease, 275-278, 276f-278f 
transplantation, 279, 279f 
ischaemia, 206-207, 207f 
lacerations, 836 
laparoscopic ultrasound, 273 
lipoma, 149 
liver acinus, 95 
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lobes/ segments 

anatomy, 93, 95-96, 96b 
Couinaud classification, 93, 95-96 
scanning techniques, 98-100, 98f-100f 
lymphatic system, 95 
lymphoma, 160, 161f 
magnetic resonance imaging, 138 
mesenchymal hamartoma, 1362-1363 
metabolic disease, 217 
metastases, 150-153, 151f-152f 
appearance, 150-151 
bile duct cholangiocarcinomas, 263 
in children, 1362 
from colorectal cancer, 275-276 
contrast imaging, 85f 
detection with contrast-enhanced 
intra-operative ultrasound, 

152-153 

from gastrointestinal tract cancers, 150 
hypervascular, 150-151 
hypovascular, 150-151, 160 
intraoperative ultrasound, 275-278, 
276f-278f 

from pancreatic tumours, 309, 310f 
radio-frequency ablation, 175-176, 175t 
and radio-frequency ablation, 172 
nodular regenerative hyperplasia, 116, 

117f 

normal sonographic features, 105b 
parenchyma, 100, lOOf 
assessment, 104 
chronic disease, 200, 200f 
diffuse disease, 104-119 
peliosis hepatitis, 150 
peritoneum, 93 
portal lobule, 95 

radio-frequency ablation, 171-176, 171b 
clinical results, 174-176, 174t-175t 
complications, 174 
indications, 172-174, 172t 
technique, 171-172, 172f-173f 
rare lesions 

benign, 148-150 
malignant, 160-161 
reduction, 204, 217 
reflectivity, 100, lOOf 

causes of increased, 107t 
diffuse parenchymal liver disease, 104, 
105f 

Riedel's lobe, 96, 97f 
rupture, 835-836 
sarcoidosis, 150 

scanning techniques, 98-103, 1356 
liver parenchyma, 100, lOOf 
liver size, 101-102, lOlf 
liver surface, 101, lOlf 
segmental approach, 98-100, 99f-100f 
vascular and ductal morphology, 
102-103, 102f-103f 
schistosomiasis, 128, 129f 
sepsis, 206-207, 207f 
size, 101-102, lOlf 
solitary necrotic nodule, 150 
steatosis see Fatty liver 
surface, 93, 101, lOlf 
texture, 100 
toxocariasis, 129 

transplantation see Liver transplantation 
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trauma, 835-837, 844-845, 844f 
classification, 835-836, 835t 
general considerations, 835 
mechanisms of injury, 835-836 
ultrasound findings, 836-837, 836f-837f 
tumours, 217 (see also specific tumours) 
benign, in children, 1362-1364 
contrast agents, 139 
malignant, in children, 1360-1362 
vascular architecture, 94-95, 94f-95f 
vascular disorders, 179-198 
in children, 1365-1367, 1367b 
vascular morphology, 102-103, 102f-103f 
veno-occlusive disease, 1366-1367 
volume assessment, 203-204 
Wilson's disease, 117 
Liver transplantation, 199-224 
auxiliary, 217 

biliary system complications, 211-212 
early postoperative ultrasound, 204-213 
abnormal, 205-213 
complications of split liver 
transplantation, 213 
miscellaneous complications, 213 
non-vascular complications, 211-213 
normal, 205 

vascular complications, 205-211 
fluid collections, 212-213 
indications for, 199, 200t 
inferior vena cava assessment after, 794, 
794f 

intraoperative ultrasound, 279, 279f 
long-term follow-up, 213-216 
Budd-Chiari syndrome, 215 
disease recurrence, 215-216 
graft versus host disease, 215 
infection, 215, 215f 
non-vascular complications, 213-216 
post-transplant lymphoproliferative 
disease, 213-214, 214f 
rejection, 215 
renal complications, 214 
orthotopic, 204, 204f 
paediatric, 216-222, 220b, 1376-1377, 
1376f-1377f, 1377b 
clinical indications, 216-217 
complications, 219-221, 219f 
recurrent disease, 221-222 
surgical techniques, 217, 218f-219f 
ultrasound patient evaluation, 217-219 
piggy-back, 204, 204f, 794, 794f 
pre-transplant ultrasound, 199-204 
acute liver failure, 199-200 
assessment of living related donors, 203 
chronic liver disease, 200-201 
liver volume assessment, 203-204 
preoperative vascular assessment, 
201-203 
reduced, 204, 217 
rejection, 211, 215 
split, 217 

surgical techniques, 204, 204f 
Lobar nephronia, 460-462, 461f 
Local anaesthesia, 1169-1170 
Localised pigmented villonodular synovitis, 
1066, 1067f 
Locking drains, 810-812 
Loeffler syndrome, 134 



Long saphenous vein, 1228, 1242 
bypass grafts, 1207-1208 
duplication, 1245 

Loose bodies, elbow, 1047-1048, 1047f-1048f 
Loss-of-correlation imaging (LOC), 83-84 
Lower limb 

artery bypass, vein mapping, 1248-1249 
ischaemia, 1198, 1211 
lengthening, 1509 
muscles, 1141, 1143t, 1144f-1145f 
peripheral veins, 1227-1228 
venous anatomy, 1228, 1228f 
Ludwig's angina, 894, 895f 
Lumbar hernia, 804 
Luminity, 79t, 80f 
Lung gliding sign, 1008, 1338 
Lung point, 1011 
Lungs, 1010-1011 

abscess, 1015, 1015f, 1340, 1342f 
anatomy, 1338, 1339f 
atelectasis, 1010-1011, lOllf 
cancer, 1016-1017, 1017f-1018f 
colour Doppler imaging, 1018 
metastases, 1016-1017, 1017f 
colour Doppler imaging, 1018 
congenital parenchymal masses, 1341- 
1344, 1343f 

consolidated, 1339-1340, 1341f 
disease, hepatic venous waveforms in, 
195-197 

examination technique, 1005 
hepatisation, 1340, 1341f 
necrosis, 1340, 1342f 
neoplasia, 1344, 1345f 
paediatric, 1338-1344, 1339f 
patient position, 1005 
peripheral consolidation, 1014-1018, 1014f, 
1015b 

pleura see Pleura 
technical requirements, 1005 
tissue damage from diagnostic ultrasound, 
55 

ultrasound-guided biopsy, 1017-1018 
Lung sliding sign, 1014 
Lunotriquetral ligament (LTL), 1056-1057, 
1063 

Luteinising hormone (LH), 649, 661 
in in-vitro fertilisation, 735 
menarche, 1472-1473 
ovarian hyperstimulation syndrome, 738 
in puberty, 1470 
Lymphadenitis 

acute suppurative, 1304, 1305f-1306f 
chronic, 1305 
mycobacterial, 1305-1306 
subacute, 1305 
Lymphadenopathy 

in appendicitis, 389-390, 39If 
cervical 

in children, 1303-1304, 1304f 
neoplastic, in children, 1307 
in thyroid carcinoma, 872-873 
Crohn's disease, 374 
in gastric cancer, 360 
pancreatic tumours, 309 
porta hepatis, 263, 263f 
retroperitoneum, 819, 819f 
small bowel, 371, 374 
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Lymphangiectasia, renal, 495 
Lymphangiomas 

in children, 1352f, 1402, 1402f 
neonatal, 1483 
renal, 495 
spleen, 337, 338f 
submandibular region, 898 
Lymphatic cysts, renal, 493-495, 495f 
Lymphatic drainage 
liver, 95 
prostate, 574 
spleen, 324-325 
Lymphatic malformations 

cervical, in children, 1295-1296, 1296f 
in children, 1351-1352, 1352f 
paediatric, 1510 
submandibular region, 898 
Lymph nodes 

breast/axillary, 997-999, 998f-999f 
cervical see Cervical lymph nodes 
chest wall, 1005-1006, 1006f 
jugulodigastric, 925, 925f 
mastoid, 927 

neck see Cervical lymph nodes 
occipital, 927 
paratracheal, 927, 927f 
parotid gland, 900 
prelaryngeal, 927, 927f 
pretracheal, 927, 927f 
small bowel, 371 
submandibular, 922-923, 924f 
submental, 922, 923f 
suppurative, 929, 929f 
supraclavicular, 1006f 
thoracic, 1007 
tuberculous, 929 
Lymphoceles 

peritoneal, 815-816, 816f 
post-hysterectomy, 697-698 
post-renal transplantation, 535-536 
retroperitoneal, 823 
Lymphoedema, 1121 
Lymphoepithelial cyst, 905, 905f 
Lymphomas 

appendiceal, 393 
bladder, 562 

cervical lymph nodes in, 928, 929f 
in children, 1307, 1394-1395, 1395f, 1461, 
1462f 

collar of disease, 521, 522f 

colonic, 402, 404f 

gastric, 360, 362f 

hepatic, 160, 161f 

mediastinal, 1347, 1348f 

mesenteric, 1403, 1403f 

orbital, 962, 962f 

ovarian, 680 

pancreatic, 315, 317f 

parotid gland, 903 

prostate gland, 589t 

renal, 521, 521b, 522f, 1461, 1462f 

retroperitoneal, 819 

small bowel, 381, 382f-383f, 1394-1395, 
1395f 

spleen, 331-334, 333f-334f, 334b 
testicular, 601-602, 602f, 1494 
thyroid, 880-881, 880b, 880f 
uterine, 695 
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Magnetic resonance angiography (MRA) 
peripheral arterial disease, 1197, 
1200-1201 

renal artery stenosis, 474t-475t, 475 
Magnetic resonance arthrography 

femoroacetabular impingement, 1071 
glenohumeral joint, 1041 
shoulder joint, 1172-1173 
Magnetic resonance 

cholangiopancreatography 

(MRCP) 

cholangiocarcinoma diagnosis, 236 
choledocholithiasis, 280 
pancreatitis, chronic, 302 
Magnetic resonance imaging (MRI) 
abdominal aorta, 773 
adrenal glands, 632, 636, 640, 642 
bladder, 552 
cancer, 564 
metastases, 566 
breast implants, 1000, lOOOf 
calcified renal cysts, 491 
cervix, 687 
cancer, 714 

elbow loose bodies, 1047 
endometrial cancer, 705 
epithelioid haemangioendothelioma, 
160-161 
erosions, 1129 
fibroids, 692 

gestational trophoblastic disease, 696-697 
head and neck masses in children, 1294 
hypoxic ischaemic encephalopathy, 
1265-1266 

infant spine, 1315-1316 
inguinofemoral hernia, 1077 
liver 

focal lesions, 138 
metastases, 152-153, 277 
radio-frequency ablation, 172 
muscle injury, 1137 
neonatal brain, 1253 
ovaries 

endometriosis, 681 
lesions, 669-670 
paediatric chest, 1337 
pancreas, 285 
pelvic masses, 566 
peripheral nerves, 1158 
renal cell carcinoma, 513-517 
rheumatological disease, 1132 
shoulder, 1030 
soft tissue masses, 1109 
synovitis, 1128 
thymus, 1339 
thyroid, 867 
uterus, 687, 688f 

Magnetic resonance venography (MRV), 

portal venous thrombosis, 201 
MAG-3 renogram, 442 
Malacoplakia, 463 
Male pseudohermaphrodites, 1477 
Malignant fibrous histiocytoma (MFH), 1123 
Malignant melanoma see Melanomas 
Malignant peripheral nerve sheath tumours 
(MPNST), 1120 
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Mammography, 997 
Mantoux test, 1306 
Marfan's syndrome, 943 
Masseteric hypertrophy/bruxism, 906 
Mastitis, periductal, 989 
Mastoid infection in children, 1304, 1306f 
Mastoid lymph nodes, 927 
Mayer-Rokitansky-Kuster-Hauser syndrome, 
657, 1473 

Mean gestational sac diameter (MGSD), 741, 
748-749, 761 

Mechanical index (MI), 34, 54, 78 
British Medical Ultrasound Society 
(BMUS) guidelines, 57-58 
in clinical practice, 56 
definition, 56 

reduction during scanning, 56 
surveys of values in clinical practice, 56 
Meconium ileus, 1388-1389, 1389f 
Meconium peritonitis, 1389, 1389f 
Meconium pseudocyst, 1389, 1390f 
Medial epicondyle, avulsion fracture, 1051 
Medial epicondylitis, 1050 
Medial meniscus, 1084, 1090-1091, 
1090f-1091f 

Medial rectus muscle, 959-960 
Median artery, persistent, 1160, 1160f-1161f 
Median nerve, 1043, 1057 
bifid, 1159, 1160f 
penetrating injuries, 1065-1066 
Mediastinum, 1018-1019, 1019f 
masses, 1347b 
anterior, 1347 
middles, 1348 
posterior, 1348 
paediatric, 1347-1348 
Mediastinum testis, 595, 596f 
Medulla oblongata, 1320 
Medullary carcinomas, 517 
breast, 995 

thyroid, 878-879, 879b, 879f 
Medullary cystic disease, 502 
in children, 1438 
Medullary necrosis, 1444 
Medullary sponge kidney, 450, 450f 
in children, 1439, 1440f 
Medulloblastomas, neonatal, 1333 
Megacystis, 1425 
Megaureter, 1422, 1426f 
Meigs' syndrome, 678 
Melanomas 

ocular, 942, 951-953, 951f-953f 
vaginal, 716 

Menarche, 1470, 1472-1473 
Menetrier's disease, 1386 
Menghini technique biopsy needles, 849 
Meningiomas 
neonatal, 1333 
optic nerve sheath, 963 
Meningitis, 1273, 1275f 
Meningocele, 1322 
Meniscal cysts, 1091, 1091b, 1091f, 

1115-1116 
Menorrhagia, 688 
Menstruation, 649, 650f 
disorders, 1481-1482 
Mesenchymal tumours, small bowel, 381 
Mesenteric adenitis, 1395, 1395f-1396f 


Mesenteric cysts see Lymphangiomas 
Mesenteric haemangiomas, 1403, 1403f 
Mesenteric lymphoma, 1403, 1403f 
Mesenteric pseudocysts, 1402, 1402f 
Mesenteric teratomas, 1402-1403 
Mesenteric tumours, 1402-1403 
Mesonephric ducts, 655-656 
Mesonephros, 1407 
Mesothelioma, extra-testicular, 611 
Metabolic disorders, neonatal, 1283-1284 
hypoglycaemia, 1283-1284, 1284f 
inborn errors of metabolism, 1284 
Metacarpophalangeal joint (MCPJ), 1055 
injection, 1180, 1180f 

Metachromatic leukodystrophy, 1375-1376 
Metanephric adenoma, 508 
Metanephros, 1407 
Metaplastic carcinoma, breast, 996 
Metatarsalgia, 1106 
Methotrexate, 757, 767, 767t 
Mickey Mouse sign, 439, 440f 
Microbubbles see Gas bubbles 
Microcysts, prepubertal, 1483-1484 
Microgallbladder, 251-253, 253f 
Microlithiasis 

gallbladder, 240-241, 241f 
testicular, 607-608, 608b, 608f, 1492, 

1492f 

Microwave ablation, tumours, 859 
Microwave therapy, renal cell carcinoma, 

523 

Milk of calcium cysts, 492-493, 494f, 511-512, 
511f 

Miller-Dieker syndrome, 1281-1282 
Miner's elbow, 1050, 1051f 
Mirena intrauterine system, 706-707, 708f 
abnormal vaginal bleeding, 689 
and uterine fibroids, 689 
Mirror image artefacts, 65-67, 67f 
Mirrors, 10-11, Ilf 
Miscarriage see Pregnancy, failure 
Mitral valve echo, 77 

Mixed epithelial and stromal tumour (MEST), 
kidney, 492, 497-498 
Molar pregnancy, 696, 696f 
Monckeberg's sclerosis, 1198 
Morel-Lavallee lesion, 1074, 1115 
Morgagni hernia, 1348-1349 
Morison's pouch, 93, 413, 808-810, 810f, 833 
Morton's neuroma, 1106, 1107f 
injection, 1189-1190, 1192f 
Mouth floor, 892f-893f 
MRI see Magnetic resonance imaging (MRI) 
Mucinous carcinoma, breast, 995 
Mucinous cystadenocarcinoma, ovarian, 672, 
673f 

Mucinous cystadenoma, ovarian, 672, 672f 
Mucinous cystic neoplasm, pancreas, 312, 

312f 

Mucoceles 

appendiceal, 392, 393f 
gallbladder, 251, 253f 
Mucoepidermoid carcinoma 
parotid gland, 902 
salivary glands, 1308-1309, 1309f 
Mucosa, gastrointestinal tract, 352 
Mucosa associated lymphoid tissue (MALT), 
360 


Mullerian duct 

abnormalities, 579 
agenesis, 1473 
anomalies, 655, 657f 
cysts, 579, 580f, 583t, 585f, 716 
development, 1470 
fusion, 1470 

obstructive anomalies, 1473 
organogenesis, 1469 
Mullerian tumours, myometrial, 695 
Multicystic dysplastic kidney, 498-499, 499f, 
502b, 1434, 1434f-1435f 
Multilocular cystic nephroma, 497-498, 497f 
in children, 1439-1440, 1442f 
Multinodular thyroid, 882, 882b 
Multiple echoes, 65-68, 67f-68f 
Multiple endocrine neoplasia (MEN) 
and medullary thyroid carcinoma, 879 
type 1, 313-314 

Multiple pregnancy diagnosis, 747-748 
see also Twinning 

Murphy's sign, ultrasonic, 244-245 
Muscle injury, 1137-1157 
acute, 1143-1152 
avulsion injury, 1150, 1150f 
children, 1507f 
chronic, 1152-1156 
compartment syndromes, 1155-1156 
acute, 1155 

chronic exertional, 1155-1156 
contusion, 1143-1148, 1148f-1149f 
direct, 1143-1148 
fat atrophy, 1154, 1154f 
hernias, 1113, 1114f 
indirect (strain) 

biomechanical aspects, 1149 
clinical features, 1149 
clinical grading system, 1149, 1151b 
clinical-sonographic correlation, 

1150- 1151, 1150b, 1151f-1153f 
delayed-onset muscle soreness, 

1151- 1152 

location within the muscle, 1149-1150, 
1149f-1150f 

prognostic value of sonography, 1152 
sports-specific, 1149b 
infection, 1156, 1156f 
intramuscular scar/fibrosis, 1152-1153, 
1153f 

laceration, 1143, 1148f 
myofascial hernia, 1154-1155, 1155f 
myositis ossificans, 1154, 1154f 
paediatric, 1506-1507 
sonographic technique, 1137, 1138b 
tears, 1114, 1149-1150, 1150f, 1506-1507, 
1507f 

Muscle(s), 1025-1026, 1025b-1026b, 1026f 
accessory, 1141-1143, 1146t-1147t, 1160 
anatomy, 1138 

compartmental anatomy, 1139-1141, 1140t, 
1141f-1142f, 1143t 
contractions, 1149 
fibres, 1138 
fusiform, 1025-1026 
haematoma, 1114-1115 
injury see Muscle injury 
lower limb, 1141, 1143t, 1144f-1145f 
microstructure, 1138, 1138f 
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morphological types, 1139, 1140f 
multipennate, 1025-1026 
normal sonographic appearance, 1139, 
1139f 

oblique orientation, 1139 
parallel, 1139 
pennate, 1139 
triangular, 1139 
tumours, 1121 
unipennate, 1025-1026 
upper limb, 1139-1141, 1140t, 1141f-1142f 
Muscularis propria, 352 
Musculo-cutaneous flaps, 800 
Musculoskeletal ultrasound, 1025-1029 
paediatric, 1497-1513 
see also Bone(s); Muscle(s) 

Mycetoma, 464 

Mycobacterial lymphadenitis, 1305-1306 
Mycobacterium avium complex, 131-132 
Mycobacterium tuberculosis infection 
in HIV/AIDS, 131-132 
splenic involvement, 339, 340f 
Mycophenolate, 529-530 
Mycotic aneurysms, 775, 779 
Myeloceles, 1322 

Myelolipomas, adrenal, 636-637, 637f 
Myelomeningoceles, 1322 
Mylohyoid muscle, 890-891, 892f, 894-895 
boutonniere, 897, 898f 
Myocardial perfusion, 79, 86 
Myofascial hernia, 1154-1155, 1155f 
Myofibrils, 1138 
Myomectomy, fibroids, 693-694 
Myometrium, 689-700 

adenomyosis see Adenomyosis 
arteriovenous malformation, 695-696, 

696f 

cysts, 694-695 
fibroids see Fibroids 

gestational trophoblastic disease, 696-697, 
696f-697f 
lipoma, 695 
lymphoma, 695 

malignant mixed Mullerian tumours, 695 
metastases, 695 
sarcoma, 695 
Myosin, 1138 
Myositis, 960 

infective, 1156, 1156f 

Myositis ossificans, 1115, 1115f, 1154, 1154f 
paediatric, 1508 
Myxoma, 1121 

N 

Nabothian cysts, 713, 713f 
Naevus, choroid, 954 

Nasopharyngeal infection in children, 1304 
Neck, 890-919 

anterior (infrahyoid), 913-917 

normal ultrasound anatomy, 913-914 
pathology, 914-917 
technique, 913-914 

jugulodigastric region and deep cervical 
chain, 908-911 

normal ultrasound anatomy, 908 
pathology, 908-911 
technique, 908 
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masses in children, 1294-1314 
parotid and buccal region, 898-907 

normal ultrasound anatomy, 898-900, 
899f-900f 

pathology, 900-907 
technique, 898-900 
posterior triangle, 912-913 

normal ultrasound anatomy, 912-913, 
912f 

pathology, 913 
technique, 912-913 
pulsatile masses, 966, 974, 974b, 975f 
submandibular region, 894-898 

normal ultrasound anatomy, 894-895, 
895f-896f 

pathology, 895-898 
technique, 894-895 
submental region, 890-894 

normal ultrasound anatomy, 890-893, 
891f-893f 

pathology, 893-894 
technique, 890-893, 891f 
supraclavicular fossa, 911-912 

normal ultrasound anatomy, 911-912, 
912f 

pathology, 912 
technique, 911-912 
Necrosis 

cervical lymph nodes, 930-931, 931f 

coagulative, 930, 931f 

cortical, 1444 

cystic, 930 

lung, 1340, 1342f 

medullary, 1444 

Necrotising enterocolitis, 1400, 1401f 

Necrotising fasciitis, 618 

Needle guides, 852, 852f 

Needle placement technique, 1170 

Needles 

core biopsy, 849-850, 849f, 849t 
fully automated sheathed, 850 
manual sheathed, 849 
Menghini technique, 849 
semi-automated sheathed, 849, 850f 
fine-needle aspiration, 848-849, 848b, 849f, 
849t 

liver biopsy, 168 
visualisation, 1170, 1170b 
Needle track seeding, 853 
Neisseria gonorrhoeae 
endometritis, 709 

epididymo-orchitis/epididymitis, 614 
pelvic inflammatory disease, 682 
Neonatal brain, 1253-1293 

anatomy, 1255-1260, 1255f-1257f, 1255t 
arterial infarction, 1269-1270, 1270f-1272f 
brain death evaluation, 1290, 1290f 
cerebrovascular complications, 1260-1272 
premature infants, 1260-1264 
term infants, 1264-1272 
congenital malformations, 1279-1283 
Dandy-Walker complex, 1279-1280, 

1281f 

destructive lesions, 1283, 1283f 
disorders of sulcation and migration, 
1280-1282, 1282f 

dysgenesis of the corpus callosum, 

1279, 1281f 
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holoprosencephaly, 1280, 1282f 
tuberous sclerosis, 1282, 1283f 
germinal matrix, 1260-1263, 1262f-1265f, 
1262t 

hydrocephalus, 1274-1279, 1277f-1280f 
hypoxic ischaemic encephalopathy, 
1264-1269, 1266b, 1267t, 
1268f-1270f 
infection, 1273-1274 

postnatal causes, 1273-1274, 
1275f-1276f 

prenatal causes, 1273, 1274f 
intraventricular haemorrhage, 1260-1263, 
1262f-1265f, 1262t 

lenticulostriate vasculopathy, 1272, 1273f 
metabolic disorders, 1283-1284 
hypoglycaemia, 1283-1284, 1284f 
inborn errors of metabolism, 1284 
periventricular leukomalacia, 1263-1264, 
1266f-1267f 

space-occupying lesions, 1284 
cysts, 1284 

neoplasms, 1284, 1285f-1287f 
vascular malformations, 1284, 1288f 
technique, 1253-1254, 1254f 
trauma, 1285-1287 

accidental injury, 1285 
birth-related injury, 1285, 1289f 
non-accidental injury, 1285-1287, 
1289f-1290f 

variation with gestational age, 1258, 1258f 
vascular anatomy, 1258-1260, 1259f-1261f, 
1259t 

venous thrombosis and infarction, 1255, 
1270-1272, 1272f 
ventricular system, 1255, 1255t 
Neonatal hepatitis syndrome (NHS), 1368 
Neonates 

adrenal glands, 633 

brain see Neonatal brain 

British Medical Ultrasound Society 

(BMUS) scanning guidelines, 58 
hydronephrosis, 1433 
ovarian cysts, 1483, 1483f 
pelvic masses, 1483, 1484f 
Neopharynx, postoperative, 917, 918f 
Nephrectomy, 517, 522-523 
Nephroblastomatosis, 1461, 1461f 
Nephrocalcinosis, 446-447, 447f, 451, 451f 
in children, 1446, 1446t, 1449f 
Nephrogenic systemic fibrosis (NSF), 

552-553 

Nephromas 

congenital mesoblastic, 1461 
multilocular cystic, 497-498, 497f 
Nephropathy, HIV-associated, 465 
Nephroptosis, 418, 419f, 1419 
Nephrotic syndrome, 446f 
Nephroureterectomy, 520-521 
Nerve entrapment, 1163f-1164f 
abdominal wall, 807 
definition, 1161-1162 
frequently affected nerves, 1166b 
radiography and computed tomography 
in, 1158 

ultrasound nerve changes in, 1163b 
Nerve fascicles, 1158 
Nerve fibres, 1158 
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Nerves, 1028, 1029f 
Nerve sheath, 1158 

tumours, 901-902, 911, 1120 
Nerve tumours, 1119-1120 
Neurenteric cysts, 1348 
Neurilemmoma see Schwannomas 
N euroblastomas 

adrenal, 637-640, 640f, 1459t, 1464-1466, 
1465f, 1465t 
in children, 1312, 1362f 
mediastinal, 1347b, 1348, 1349f 
neonatal, 1333 

Neuroendocrine tumours (NETs) 
imaging, 314 

pancreatic, 313-315, 314b, 315f-317f 
ultrasound, 314-315 

Neurofibromas, 1066, 1120, 1120f, 1164-1165, 
1165f 

cervical, 911 
focal, 1120 
neonatal, 1333 
optic nerve, 962-963 
parotid gland, 901-902 
plexiform, 1120, 1312, 1313f 
Neurolemmoma, 1119 
Neuroma, tibial nerve, 1105 
Neurovascular bundles, prostate, 572 
Neutropenic colitis, 1399, 1400f 
Neutropenic enterocolitis see Typhlitis 
Nodular fasciitis, 1122, 1303 
Nodular regenerative hyperplasia (NRH), 

116, 117f 
Noise, 61, 61b 
gain-related, 62f 
random, 61 
structured, 61, 62f 

Non-accidental head injury, 1285-1287, 
1289f-1290f 

Non-accidental injury, 1506 
Non-alcoholic fatty liver disease (NAFLD), 
105, 110-111, lllf 

Non-alcoholic steatohepatitis (NASH), 
110-111, lllf 

Non-Hodgkin's lymphoma 

adrenal involvement, 640-641 
in children, 1307, 1347 
gastric, 360 
and hepatitis C, 160 
liver metastases, 160 
spleen in, 331-333, 333f-334f 
thyroid, 880 

Non-involuting congenital haemangioma 
(NICH), 1301 

Norman-Roberts syndrome, 1281-1282 
North American Symptomatic Carotid 

Endarterectomy Trial (NASCET), 
965 

O 


Oarsman's forearm, 1059 
Obesity, 689 

Oblique orientation muscle fibres, 1139 
Obstetric examination 

British Medical Ultrasound Society 
(BMUS) guidelines, 

57-58 


European Federation of Societies of 

Ultrasound in Medicine and 
Biology (EFSUMB) guidelines, 58 
see also Pregnancy 

Obstructive uropathy, 429, 429b, 441-443 

Obturator internus, 647 

Occipital lymph nodes, 927 

Ocular muscles, 959 

Oedema 

abdominal wall, 799 
orbital, 960, 961f 
scrotal wall, 618, 618f 
Oesophagus, 914, 916f 
achalasia, 359-360 
anatomical structure, 352, 353f 
Barrett's, 356, 358f 

benign posterior mediastinal masses, 
358-359, 359f 

cancer 

endoscopic ultrasound, 354-356 
lymph nodes, 354, 356f-357f, 356t 
management, 354 
staging, 353-354, 357f 
in children, 1384b 
cysts, 358-359, 359f 
dysmotility disorders, 359-360 
endoscopic ultrasound, 352-360 
lipoma, 358, 359f 

submucosal (subepithelial) lesions, 358, 
358f-359f 

varices, 183, 359, 359f-360f 
Oestrogen 

deficiency, 700, 705 
and uterine fibroids, 689 
Oil cysts, breast, 988 

Olecranon bursitis, 1050, 1051f, 1134, 1134f 
Olecranon fossa, 1045, 1045f 
Omentum 

biopsy, 720-722, 721b, 721f 
complications, 722 
method, 720-721 
rationale, 720 
cysts, 1483 

infarction, 1401-1402, 1402f 
Omohyoid muscle, 908, 925, 926f 
Oncocytic thyroid neoplasms, 878 
Oncocytomas, 509b 
parotid gland, 901 
renal, 508-509 

On-table cholangiography (OTC), 279 
Oocytes capture in in-vitro fertilisation, 
736-737, 736f 

Ophthalmic artery, 942, 977-978 
Opisthorchis felineus, 251 
Opisthorchis viverrini, 251 
Optic axis, 938 
Optic nerve, 959 

tumours, 962-963, 963f 
Optison, 79t, 80, 87 
Oral contraceptive pill 

abnormal vaginal bleeding, 689 
adenomas and, 143 
and the endometrium, 705 
Orbit, 959-963 

anatomy, 959-960, 959f-960f 
arteriovenous fistula, 960-961 
contents, 959 
haemangioma, 961, 961f 
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indications for ultrasound, 959b 
inflammatory disease (pseudo-tumour), 
960, 961f 

lymphoproliferative disorders, 962, 962f 
metastases, 962 
muscles, 959-960 

optic nerve tumours, 962-963, 963f 
rhabdomyosarcoma, 962 
thyroid ophthalmology, 960, 960f 
tumours, 961-962 
ultrasound features, 959-960 
varices, 960 

vascular disease, 941-942 
Orchitis, 604, 605f, 615 
complicated, 615f 
see also Epididymo-orchitis 
Organ donors 

assessment of living related, 203 
supply, 529 

Oriental cholangiohepatitis, 265-266 
Orthotopic liver transplantation (OLT), 204, 
204f 

Ortolani test, 1497-1498, 1498f 
Osgood-Schlatter disease, 1088, 1506 
Osseous choristoma, 954, 954f 
Osseous lesions in children, 1353-1354 
Osseous tumours, extraskeletal, 1124 
Ossification, 1115 
Osteoarthritis 

acromioclavicular joint, 1039-1040 
ankle, 1104-1105 
degenerative, 1059-1060 
glenohumeral joint, 1040-1041 
ultrasound features of, 1130 
Osteochondritis dissecans, 1047, 1048f 
Osteochondroma, 1353-1354, 1354f 
Osteochondromatosis, synovial, 1123, 1123f 
Osteoma, choroidal, 954, 954f 
Osteomyelitis, 1352, 1353f 
paediatric, 1508-1509, 1509f 
Osteophytes, ankle, 1105 
Out-of-plane resolution, 15 
Output, 5, 34 

Output Display Standards (ODS), 51 
Ovarian artery, 648-649, 655 
Ovarian hyperstimulation syndrome, 

667-668, 667f 

Ovarian hyperstimulation syndrome (OHSS), 
738, 738f, 738t 
in in-vitro fertilisation, 736 
Ovarian remnant syndrome, 666, 666f 
Ovarian veins, 648 
Ovaries, 660-685 
abscess, 682, 683f 
adnexal masses, 668-670, 669f 
age-related differences in, 655t 
anatomy, 647-648 

benign versus malignant lesions, 670, 670b 
blood supply, 648 

Brenner (transitional cell) tumours, 674, 674f 
cancer, 670-680 

classification, 671, 671t 
epithelial neoplasms, 671-674, 673b 
germ cell tumours, 674-676 
metastatic tumours, 678-679, 680f 
omental biopsy, 720 
risk factors, 670 
screening, 678-679 



sex cord stromal tumours, 677-678 
symptoms, 671 
treatment, 669, 669f 
tumour markers, 676b 
in children, 1468-1490 
clear cell tumours, 674, 674f 
cyclical variations, 655b, 661-663, 663f 
cysts, 663-668 

adolescent, 1484, 1485f 
as a cause of subfertility, 733-734, 734b, 
734f 

corpus luteal, 663 
follicular, 663, 663f 

haemorrhagic, 663-664, 664f-665f, 681, 
1485, 1486f 

neonatal, 1483, 1483f-1485f 
ovarian hyperstimulation syndrome, 
667-668, 667f 

ovarian remnant syndrome, 666, 666f 
paraovarian, 664, 665f 
peritoneal inclusion, 664-666, 666f 
polycystic ovaries, 1482-1483, 1482f 
polycystic ovary syndrome (PCOS), 
666-667, 667f, 1482, 1482f 
postmenopausal, 666, 666f 
prepubertal, 1483-1484 
theca lutein, 667 
dysgerminomas, 676 
echotexture, 1471-1472 
ectopic gestation, 758 
embryology, 1468-1470 
endometrioid tumours, 673, 673f 
endometriosis, 680-681, 681b, 681f 
epithelial cell tumours, 1487 
fibromas, 678, 679f 
follicles, 661 

development, 1473 
normal appearance, 1471-1472 
germ cell tumours, 1485, 1486f-1487f, 
1487-1488 

granulosa cell tumours, 677, 678f 
growth, 1473 

haemodynamics by Doppler imaging, 655 
inguinal, 1476, 1479f 
ligaments, 660, 661f 
lymphoma, 680 

masses in first trimester, 762-763, 

762f-763f 

mucinous tumours, 672, 672f-673f 
mural nodules, 664 

neoplasms, paediatric, 1485-1488, 1486f 
non-visualisation, 1471 
normal appearances, 660-663, 662f, 1472f 
of developing, 1471-1473 
normal development, 1468-1469, 1469f 
outline, 1471 

pelvic inflammatory disease, 682, 682b, 
682f-683f 

polycystic, 1482-1483, 1482f 
position, 660, 661f-662f, 1471 
pseudomyxoma peritonei, 672-673, 673f 
round ligament of, 660 
septa, 664, 665f 

serous tumours, 671-672, 671f-672f 
Sertoli-Leydig cell tumours 

(androblastoma), 678 
sex cord stromal tumours, 1487, 1487f 
size, 660-661 


teratomas, 1487-1488 
immature, 676 

mature (dermoid), 674-676, 674f-677f, 
676b 

thecomas, 678, 679f 

torsion, 668, 668f-669f, 1488-1489, 1490f 
transvaginal scanning technique, 654, 654f 
ultrasound anatomy, 654, 654f 
ultrasound technique, 1471 
volume, 660, 661t, 1471, 1472t 
yolk sac tumours, 676 
Overuse injuries, paediatric, 1506 
Overuse tendinopathies 
pelvic area, 1072 
wrist, 1059-1063, 1060f 

p 


Paediatric patients 

acute appendicitis, 389 
adrenal glands, 1464-1466, 1464f 
appendix, 1395-1398, 1397f 
abscess, 1397, 1397f 
appendicitis, 1395, 1396f-1397f, 
1397-1398, 1399b 
retrocaecal, 1398, 1398f 
atypical renal infection, 1453-1454 
Baker's cyst, 1510, 1510f 
bile ducts, 1356-1375 
bladder, 1409, 1413f-1414f, 1422-1428 
bony elbow injury, 1051, 1051b 
branchial cysts, 1296-1297, 1297f-1298f 
cancer, 56 

cartilaginous lesions, 1353-1354 

cellulitis, 1352, 1352f 

cervical lymphadenopathy, 1303-1304, 

1304f 

cervical lymphatic malformations, 
1295-1296, 1296f 
chest, 1337-1355 
chest wall, 1350-1354 
colon, 1399-1401, 1399b 
colitis, 1399 

imperforate or ectopic anus, 1399 
necrotising enterocolitis, 1400, 1401f 
neoplasms, 1400-1401 
normal anatomy, 1399 
congenital cystic lesions, 1294-1299, 1299b 
congenital foregut malformations, 1299 
Crohn's disease, 1392-1393, 1393f 
cysts, 1510 

dermoid cysts, 1298, 1298f-1299f 
diaphragm, 1339, 1339f, 1348-1350, 1349b 
enuresis, 1462 
fibromatosis, 1302-1303 
foreign bodies, 1507-1508, 1508f 
gallbladder, 1356, 1375-1376 
gallstones, 1375, 1375f 
ganglion cysts, 1510, 1510f 
ganglioneuroblastoma, 1466 
ganglioneuroma, 1466 
gastro-oesophageal junction, 1383-1384, 
1384f 

gastro-oesophageal reflux, 1383-1384, 
1384f 

technique and normal anatomy, 1383 
goitre, 1310 
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haemangiomas, 1299-1301, 1299f-1300f 
haematoma, 1507, 1507f 
head and neck masses, 1294-1314 
Henoch-Schonlein purpura, 1393-1394, 
1393f-1394f 

hepatocellular carcinoma, 222 
hip, 1497-1505, 1505b 

aspiration, 1183-1184, 1184b, 1184f 
hypertension, 1455-1457 
inflammatory masses, 1303-1307 
intussusception, 1390-1391, 1392f 
kidneys, 1409, 1411b 

abnormalities, 1418-1420, 1418f 
cystic disease, 1434-1440, 1435b, 1435t 
duplex anomalies, 1420-1422, 1423f 
end-stage failure, 1444-1445 
malignancy, 1458-1462 
normal appearances, 1409-1412, 1416f, 
1416t 

normal sonographic values, 1412-1418 
renovascular disease, 1454-1455 
transplantation, 1444-1445, 1445f 
trauma, 1457-1458, 1457f-1458f 
leg lengthening, 1509 
leukaemia, 1307, 1461 
lipomas, 1352, 1511-1512, 1511f-1512f 
liver, 1356-1375, 1357f 
abscesses, 1364-1365 
anatomical variants, 1356-1357 
anatomy, 1356 

diffuse parenchymal disease, 1357-1360 
focal lesions, 1360-1364 
inflammatory masses, 1364-1365 
jaundice in older children, 1372-1375 
neonatal jaundice, 1367-1372 
portal hypertension, 1365-1367 
technique, 1356 
transplantation, 216-222, 220b, 

1376-1377, 1376f-1377f, 1377b 
clinical indications, 216-217 
complications, 219-221, 219f 
recurrent disease, 221-222 
surgical techniques, 217, 218f 
ultrasound patient evaluation, 
217-219 

vascular disorders, 1365-1367 
lungs and pleura, 1338-1347, 1339f 
lymphangiomas, 1352f 
lymphatic malformations, 1351-1352, 1352f 
lymphoma, 1394-1395, 1461, 1462f 
mastoid infection, 1304, 1306f 
mediastinum, 1347-1348 
mesenteric adenitis, 1395, 1395f-1396f 
muscle injury, 1506-1507, 1507f 
myositis ossificans, 1508 
nephrocalcinosis, 1446, 1446t, 1449f 
neuroblastoma, 637, 640f, 1312 
non-accidental injury, 1506 
obstructive uropathy, 1428-1433 
oesophagus, 1384b 
osseous lesions, 1353-1354 
osteomyelitis, 1508-1509, 1509f 
ovaries, 1468-1490 

neoplasms, 1485-1488, 1486f 
overuse injuries, 1506 
pancreas, 1377-1381, 1380b 
cysts, 1378 

pancreatitis, 1378-1380, 1379f 
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parathyroid cysts, 1298-1299 
parotitis, acute, 1307-1308 
peritoneal cavity, 1401-1403, 1403b 
ascites, 1401, 1401f 
inflammatory disease, 1401 
omental infarction, 1401-1402, 1402f 
tumours, 1402-1403 
post-transplant lymphoproliferative 
disease, 213, 221 
prostate gland, 1409, 1415f 
pyomyositis, 1508 

renal tract ultrasound technique, 1409 
renovascular hypertension in, 477 
retropharyngeal infection, 1304 
rhabdomyosarcoma, 1312, 1353, 1353f 
salivary glands, 1307-1309 
seminal vesicles, 1409, 1415f 
sialolithiasis, 1308 
small bowel, 1388-1395 
masses, 1394-1395, 1395b 
normal anatomy, 1388 
obstruction, 1388-1391, 1388f, 1391b 
wall thickening, 1392-1394, 1393b 
soft tissue infections, 1508-1509, 1509b 
spleen, 1356-1357, 1357f, 1357t, 1377-1381, 
1380b 

splenomegaly, 1380, 1380t 
stomach, 1384-1387, 1388b 
masses, 1386-1387 
obstruction, 1385-1386 
technique and normal anatomy, 
1384-1385 

wall thickening, 1386 
thymus, 1338-1339, 1338f, 1340f 
cysts, 1298-1299 

thyroglossal duct cysts, 1294-1295, 1295f 
thyroid, 1309-1312 
trauma, 1505-1508, 1506b 
ureters, 1409, 1413f, 1422-1428 
urethra, 1422-1428 

urinary tract infection, 1446b, 1448-1453 
urolithiasis, 1445-1446, 1446b, 1446f-1448f 
uterus, 1468-1490 
vascular lesions, 1299-1302, 1301b 
vascular / lymphatic malformations, 

1510 

vascular malformations, 1301-1302, 1301f, 
1351 

vesicoureteric reflux in, 553 
PAIR (percutaneous aspiration injection and 
re-aspiration), 130 
Palmar plate tear, 1064 
Pancake kidneys, 424, 425f 
Pancreas, 285-323 

adenocarcinoma, 306-309, 307f-310f, 309b 
agenesis, 1378 
anatomy, 285-286, 286f 
annular, 1378 

autoimmune pancreatopathy, 305-306, 

305f 

biopsy, 290, 318-319, 318f, 319b 
complications, 318-319 
indications, 318 
results, 318 
techniques, 318 
in children, 1377-1381, 1380b 
congenital variations, 1377-1378 
contrast imaging, 85 
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in cystic fibrosis, 1380 
cysts, congenital, 1378 
echogenicity, 293, 294f 
embryological development, 286f 
fine-needle aspiration, 290 
head, 285-286 

carcinomas, 263, 264f 
enlargement, 263 
hyperechoic, 293, 294f-295f 
intraoperative ultrasound, 279, 279f 
mass, 306 

metastases, 306, 315, 317f 
neck, 285-286 
necrosis, 298, 300-301 
normal appearances, 293, 293f, 295b, 
1377-1378 

pancreatitis see Pancreatitis 
phlegmon, 299, 299f 
pseudocysts, 298f, 299-300 
scanning techniques, 286-293 

endoscopic ultrasound, 288-291, 
291f-292f 

intraoperative ultrasound, 291-293, 

293f 

transabdominal ultrasound, 286-288, 
287f-291f 

transplantation, 319-320, 319f-320f, 320b 
combined with renal transplantation, 

541 

trauma, 841 
tumours, 288, 306-315 

adenocarcinoma, 306-309, 307f-310f, 
309b 

cystic, 311-313, 311f-314f, 312b 
differential diagnosis, 306 
imaging, 306 
miscellaneous, 315, 317f 
neuroendocrine, 313-315, 314b, 

315f-317f 

Pancreas divisum, 293, 295 
in children, 1378 

Pancreatic ducts, 286, 293, 294f, 303 
in children, 1378, 1378f 
dilatation, 306, 307f 

Pancreatico-biliary malunion, 1375-1376 
Pancreatico-duodenal varices, 183 
Pancreatitis 

acute, 293-301, 296f, 301b 
aetiology, 294 

appearances on ultrasound, 297, 

297f 

in children, 1378-1380, 1379f 
clinical features, 295 
complications, 298-300 
arterial bleeding and 

pseudoaneurysm, 299, 301f 
biliary obstruction, 299 
gastrointestinal tract/renal 
obstruction, 300 
infection, 299, 300f 
pancreatic necrosis, 298 
pancreatic phlegmon, 299, 299f 
portal venous thrombosis, 299 
pseudocysts, 298f, 299 
dilated bile duct, 263, 264f 
general considerations, 293-295 
intervention, 300-301 

infected necrosis, 300-301 
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pseudocyst aspiration/drainage, 
300, 302f 

thrombin injection of 
pseudoaneurysm, 301 
mild, 296f, 297 
mortality rates, 295 
pathophysiology, 294-295 
role of ultrasound, 295-297 
severe, 295, 297, 297f 
traumatic, 295 

chronic, 301-304, 303f-304f, 306b 
in children, 1378-1380, 1379f 
diagnosis, 301 
dilated bile duct, 263 
endoscopic ultrasound, 302-304, 304f 
focal, 302, 302f 
imaging, 301-302 
protein plug, 303, 304f 
ultrasound, 302-304 
post-liver transplantation, 213, 213f 
Papillary adenomas, 508 
Papillary carcinomas 
breast, 995, 995f 

thyroid, 873-876, 874f-877f, 875b, 928, 
929f, 933 

cystic variant, 876 
diffuse sclerosing, 876 
follicular variant, 876 
Papillary cystadenoma, 610 
Papillary lesions, breast, 991-992, 992f 
Papillary necrosis 

pelvi-ureteric dilatation, 434, 436f 
renal, 449-450, 450f 
Papillomas 

bile duct, 261, 261f 
breast, 992, 992f 
Paracentesis, 813 

Paraepiglottic fat space, 913, 913f-914f 
Paragangliomas, 819, 909-911 
Paraglottic fat, 913-914, 915f 
Parallel muscles, 1139 
Paraovarian cysts, 664, 1485 
Pararenal space, 816-817 
Parasitic infections, 252f 
gallbladder, 250-251, 252f 
renal, 464-465, 465b 
spleen, 339-340 
see also specific infections 
Para tenon, 1093-1094 
Parathyroidectomy, 884 
Parathyroid glands, 884-887 
accessory/supernumerary, 885 
anatomy, 884-885, 885f 
cysts, 887, 1298-1299 
embryology, 884 
ethanol ablation of lesions, 887 
scanning techniques, 886, 886f 
ultrasound features of lesions, 886-887, 
886f-887f 

Paratracheal lymph nodes, 927, 927f 
Paraumbilical hernia, 804 
Paraurethral glands, dilation, 716 
Parenchymal haemorrhage, 1270, 1271f 
Parotid glands, 907b 
abscess, 903, 904f 
acinic cell carcinoma, 902 
adenoid cystic carcinoma, 902 
adenolymphoma, 901, 901f 
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calculi, 904, 904f 

carcinoma ex-pleomorphic adenoma, 
902-903 

in children, 1307, 1307f 
cystic hygroma, 905, 906f 
cystic lesions, 905, 905f 
enlargement, 1308 
haemangioma, 901, 902f 
infection, 903 
inflammation, 903-905 
lymph nodes, 900, 924, 924f 
lymphoma, 903 
metastases, 903 

mucoepidermoid carcinoma, 902 
nerve sheath tumours, 901-902 
neurofibroma, 901-902 
normal appearances, 898-907, 899f 
oncocytoma, 901 
pathology, 900 

pleomorphic adenoma, 899f, 900, 901f 
sarcoidosis, 904 
schwannoma, 901-902 
technique, 898-907 
tumours, 897, 900-903, 903f 
Parotitis 

acute, 903, 903f 

in children, 1307-1308, 1308f 
recurrent, 1307-1308, 1308f 
chronic, in children, 1308 
juvenile recurrent, 905, 905f 
Parsonage-Turner syndrome, 1037 
Parvus tardus waveform see Damped 
waveform 
Patella, 1085f 

Patellar tendinosis, 1084-1087, 1086f-1087f 
Patellar tendon, 1084, 1085b, 1085f 
tears, 1087-1088, 1087f-1088f, 1088b 
Patent foramen ovale (PFO), 77, 78f 
Patient monitoring, transcranial Doppler 
ultrasound, 980 

Peak systolic velocity (PSV), 1202, 1204f 
Peliosis hepatis, 197, 197f 
Peliosis hepatitis, 150 
Peliosis of the spleen, 340 
Pelvic abscess drainage, 724-727, 725f-726f, 
726b 

complications, 727 
method, 724-726 
rationale, 724 

Pelvicalyceal system, dilated, 433-434, 433f, 
435f-436f, 493, 494f, 518 
see also Pelvi-ureteric dilatation 
Pelvic brim, 646 
Pelvic floor, 647, 647f 

Pelvic inflammatory disease (PID), 682, 682b, 
682f-683f 

Pelvis 

female 

anatomy, 646-649 
in children, 1470-1471 
muscles, 647, 647f-648f 
skeleton, 646, 646f 
ultrasound anatomy, 652-654 
ultrasound scanning technique, 

645-646, 649-654, 1470-1471 
viscera, 647-649, 648f 
interventional techniques, 1180-1181 
muscle injury, 1072-1075 


musculoskeletal soft tissue masses, 1082 

neonatal masses, 1483, 1484f 

pain 

in children, 1488-1490 
gynaecological causes of, 1488 
non-gynaecological causes of, 1490 
tendon injury, 1072-1075 
Pelvi-ureteric dilatation, 428-444 
causes of, 428-438 

pathological, 429-438 
physiological, 428-429, 429f 
congenital causes, 435-436 
diagnosis, 438-439 
Doppler technique, 441, 441f-442f 
functional evidence using Doppler, 

440- 441 
iatrogenic, 438 
idiopathic, 436 

management of obstructive uropathy, 

441- 443, 442f 
trauma, 438 

ultrasound appearances, 439-440, 440f 
Penile arteries, 621 
Penis, 621-631 

anatomy, 621, 621b, 622f 
appearances, 621, 622f 
arterial supply, 621, 622f 
erectile dysfunction, 621-623 
arteriogenic, 624 
background, 621-623 
physiology of the erectile process, 623 
veno-occlusive, 624-625, 626f 
fibrosis, 628 

masses, 628-629, 628f-629f 
metastases, 628-629 
Peyronie's disease, 627-628, 628b, 628f 
priapism, 627, 627b 

ischaemic, 627, 627b, 627f 
non-ischaemic, 627, 627b 
prostheses, 629f 
squamous cell cancer, 628-629 
stimulated colour Doppler ultrasound, 

623- 626 

arteriogenic erectile dysfunction, 624, 
625f 

false venous leak, 626, 626f 
further imaging, 625-626 
haemodynamic parameters, 626b 
normal response, 624, 624f-625f 
pharmacological agents, 623 
technique, 623, 623f 
veno-occlusive erectile dysfunction, 

624- 625, 626f 
trauma, 629, 629f 
urethral ultrasound, 629 
venous leak, 623-625 

false, 626, 626f 
Pennate muscles, 1139 
Peptic ulcer disease, 365 
Percutaneous aspiration injection and 
re-aspiration (PAIR), 130 
Percutaneous ethanol injection (PEI), 174, 
174t 

Percutaneous nephrostomy, 442-443, 442f 
Perforating veins, 1245, 1245f 
Periareolar infection, 989 
Pericardial cysts, 1348, 1349f 
Pericholecystic varices, 183 


Periductal mastitis, 989 
Peri-epiglottic fat space, 913 
Perimysium, 1138 
Perineurium, 1158 

Peripheral arterial disease, 1197-1226 
acute ischaemia, 1211 
aneurysms, 1211, 1212f 
angioplasty, 1210 

ankle brachial pressure index, 1199 
in the arm, 1212-1214 

occlusive arterial disease, 1214 
Raynaud's disease, 1214, 1219f 
Takayasu's arteritis, 1214, 1218f 
thoracic outlet syndrome, 1213-1214 
ultrasound investigation, 1212-1214, 
1216f 

arteriovenous fistula, 1212, 1216f 
bypass grafts see Peripheral artery bypass 
grafts 

clinical problem, 1197-1198 
continuous wave Doppler ultrasound, 
1199-1200, 1203b 
dissection, 1212, 1216f 
duplex ultrasound, 1200-1207, 1203b, 
1203f-1204f 

aorto-iliac and femoropopliteal 
segments, 1206 

below-knee segments, 1206-1207, 1207f 
reporting, 1207, 1208f 
scanning technique, 1205-1206, 
1205f-1206f 
equipment, 1198-1199 

continuous wave ultrasound, 1198, 
1198f 

ultrasound scanners, 1198-1199 
haemodialysis access see Haemodialysis, 
access 

injuries, 1212 

popliteal entrapment, 1211 
pseudo-aneurysms, 1212, 1213f-1215f 
stenosis criteria, 1201-1202 
stents, 1210 

velocity waveform analysis, 1199-1200, 
1200f-1202f, 1202t 

Peripheral artery bypass grafts, 1207-1210 
failure, 1207, 1207t, 1209 
postoperative scanning, 1209-1210, 
1209f-1211f, 1210b 

preoperative scanning, 1207-1208, 1209f 
stenoses in, 1209-1210, 1209f 
Peripheral nerves, 1158-1167 

anatomical variations, 1159-1160, 1159b, 
1160f-1161f 

compression, 1162-1163, 1166f 
entrapment neuropathies see Nerve 
entrapment 

examination technique, 1158-1159 
miscellaneous disorders, 1166 
normal anatomy, 1158, 1159f 
tears, 1161 

trauma, 1161-1163, 1162f-1164f, 1163b 
tumours and masses, 1164-1166, 
1165f-1166f 

ultrasound anatomy, 1158, 1159f 
Peripheral veins, 1227-1250 

anatomical variants, 1234, 1235f 
clinical applications for ultrasound, 
1235-1240 
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collateral veins, 1235 
dilatation, 1231, 1231f 
distal augmentation, 1231, 1231f, 1234- 
1235, 1236f 

lower limb, 1227-1228 
pre-arterial bypass vein mapping, 
1248-1249 

problems and pitfalls, imaging, 1234-1235, 
1234b 

reflective augmentation, 1231 
response to probe compression, 1231 
spontaneous flow, 1230-1231, 1230f 
suspected pulmonary thromboembolic 
disease, 1241-1242 
technique, 1228-1235 
upper limb, 1240-1241 
variation of spectral waveform with 
respiration, 1231, 1234 
venous incompetence, 1242-1248 
Periprostatic fascia, 573, 573f 
Perirenal space, 817 
Peristalsis, small bowel, 371 
Peritoneal carcinomatosis, 672, 672f, 720 
Peritoneal cavity, 807-808, 807f 
in children, 1401-1403, 1403b 
ascites, 1401, 1401f 
inflammatory disease, 1401 
omental infarction, 1401-1402, 1402f 
tumours, 1402-1403 
Peritoneum, 807-816 

anatomy, 807-809, 807f, 809f 
ascites see Ascites 
duplication cysts, 816 
fluid collections, 808, 815-816, 816f, 829, 
830f, 833-835, 834f, 835b 
inclusion cysts, 664-666, 666f, 697-698, 
699f 

intra-abdominal abscess, 813-815, 
814f-815f 

mesenteric tumours, 816, 816f-817f 
metastases, 816, 817f 
paracentesis, 813 

scanning technique, 809-810, 810f 
tumours, 816, 817f, 1402-1403 
Peritonitis 

appendicitis complications, 1397, 

1398f 

meconium, 1389, 1389f 
pseudomyxoma, 812, 813f 
sclerosing, 455, 455f 
tuberculous, 812, 813f 
Periventricular haemorrhagic infarction, 
1261-1262 

Periventricular leukomalacia, 1263-1264, 
1266f-1267f 

Peroneal artery stenosis, 1206-1207 
Peroneal veins, 1232 
Peroneus brevis, 1098, 1099f, 1105 
Peroneus longus, 1098, 1099f, 1105 
Peroneus quartus, 1099, 1143 
Peroneus tertius, 1099 
Persistence, 26 

Persistent hyperplastic primary vitreous, 949, 
949f, 955 

Pes anserinus bursa, 1084, 1091 
PESDA, 80 

Peutz-Jeghers syndrome, 1375-1376 
Peyronie's disease, 627-628, 628b, 628f 


Phaeochromocytomas 
adrenal, 637, 638f-639f 
retroperitoneal, 819 
Pharyngeal pouch, 917, 917f 
Phase inversion imaging, 82, 82f 
Phentolamine, 626, 626f 
Phleboliths, 1120 
Phlegmons 

appendiceal, 391, 392f 
pancreatic, 299, 299f 

Phosphodiesterase type 5 (PDE-5) inhibitors, 
622-623 

Phrenocolic ligament, 808, 808f 
Phrygian cap, 228, 231f, 1375 
Phthisis bulbi, 957 

Phyllodes tumours, breast, 990-991, 991f 
Physeal fracture, 1505 
Physics of ultrasound, 3-15 

absorption and attenuation, 11, lit, 13b 
diffraction and interference, 5-6, 6f, 8b 
Doppler effect, 13-14, 13f-14f, 14b 
Fourier components, 7, 7f-8f 
image speckle, 6-7, 7f 
intensity and power, 5, 5b, 5f 
lenses and mirrors, 10-11, Ilf 
non-linear propagation, 11-12, 12f, 13b 
production, 3-4, 4b, 4f, 4t 
reflection, 9, 9f, 9t, 10b 
refraction, 10, 10b, lOf, lOt 
resolution, 14-15 
scattering, 9-10, 10b, lOf, lOt 
standing waves and resonance, 7-8, 8b, 8f 
tissue characterisation and elastography, 
12-13, 12f 

Piezoelectric material, 18 

Piggy-back liver transplantation, 204, 204f, 

794, 794f 

Pigmented villonodular synovitis (PVNS), 

1123, 1133 
Pilomatrixoma, 907 
Pipe stem calcification, 1198 
Piriformis, 647 
Pitcher's elbow, 1050 
Placenta percreta, 568 
Plantar fascia, 1100, HOlf 

injection, 1189, 1189b, 1190f-1191f 
Plantar fasciitis, 1106, 1106f 
Plantaris, 1095, 1095f 

Plaque, carotid arteries, 972-973, 972b, 972f, 
973t 

Pleomorphic adenoma, parotid gland, 899f, 

900, 901f 

Pleura, 1007-1014 

anatomy, 1338, 1339f 
effusion see Pleural effusions 
examination technique, 1005 
masses, 1346, 1347f 

normal appearances, 1007-1008, 1008b, 

1008f 

paediatric, 1338, 1339f, 1344-1347 
patient position, 1005 
technical requirements, 1005 
visceral, 1010-1011 
Pleural effusions, 808f, 1006-1010 
exudative, 1009 

fibrinous attachments, 1012, 1013f 
intercostal bleed, 1013, 1013f 
malignant, 1010 
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paediatric, 1344-1345, 1345f-1346f 
pleural fluid detection and characteristics, 
1008-1010, 1009b, 1009f-1010f 
septated, 1013, 1013f 
septations, 1009-1010, lOlOf 
transudative, 1009 

ultrasound-guided interventions for, 1012, 
1012f-1014f, 1014b 
Pleural stripe, 1007, 1008f 
Pleurodesis, 1014 
Pneumatosis intestinalis, 1400 
Pneumocystis carinii, 132 
Pneumonia, 1014-1015, 1015f 
Pneumothorax, 1011-1012, lOllf, 1012b 
in children, 1346-1347 
Polyarteritis nodosa, 379t 
Polycystic kidney disease, 499-500 
autosomal dominant, 500, 501f, 502b 
autosomal recessive, 499-500, 502b 
calcifications, 491-492, 49If 
presentation, 490 

Polycystic ovaries, 1482-1483, 1482f 
Polycystic ovary syndrome (PCOS), 666-667, 
667f, 1482, 1482f 

as a cause of subfertility, 733-734, 734b, 
734f 

and uterine fibroids, 689 
Polymer-coated microbubbles, 80-81 
Polyorchidism, 598, 598f 
Polyps 

cervical, 713 
colonic, 1400-1401 

endometrial, 693, 700-702, 701f, 702b, 733, 
733f 

gallbladder, 247-249, 248f-249f 
gastric, 360-362, 363f 
Polysplenia, 330, 331f, 1356 
Pons, 1320 
Popeye sign, 1039 
Popliteal arteries 

aneurysm, 1117, 1198, 1211, 1212f 
entrapment, 1211 
occlusion, 1205f 
stenosis, 1206-1207 
Popliteal cysts see Baker's cyst 
Popliteal veins, 1228 

duplication, 1234, 1235f 
spontaneous flow, 1230-1231 
Popliteus tendon, 1091 
Porencephaly, 1283 
Portacaval anastomosis, 795f 
Portacaval end-to-side shunt, 186 
Portacaval side-to-side shunt, 795, 795f 
Porta hepatis, 102 

lymphadenopathy, 263, 263f 
varices, 183 

Portal cavernoma, 1365-1366, 1366f-1367f 
Portal congestion index, 181 
Portal hypertension, 180-185 
backward flow theory, 180-181 
in children, 1365-1367, 1367b 
definition, 180 

forward flow theory, 180-181 
hepatic arterial flow changes, 182 
hyperkinetic, 180-181 
main causes, 180, 181b 
management, 185-188 

surgical portosystemic shunt, 185-186 


transjugular intrahepatic portosystemic 
shunt, 186-188, 186f-187f, 188b 
paediatric liver transplantation, 217 
pathophysiology, 180-181 
portal vein calibre change, 182, 182f 
portal vein flow changes, 181, 181f-182f 
portosystemic collaterals (varices), 181, 
183f-185f 

pre-liver transplantation assessment, 201 
splenic involvement, 342 
splenomegaly, 182 
ultrasound findings in, 181, 181b 
Portal veins, 179-189 

anatomy, 94-96, 94f, 98, 99f, 102, 102f, 179, 
180f 

aneurysm, 189 

calibre changes in portal hypertension, 182 
cavernous transformation of, 1365-1366 
in children, 1365-1366, 1365f-1366f 
congenital absence of, 1365 
duplication, 1365 

flow changes in portal hypertension, 181 

gas, 189, 19If, 210 

hypoplastic, 1365 

mean velocity, 179 

normal findings, 179, 180f 

occlusion, 188-189, 188b, 188f-191f, 210 

periodicity, 179 

phasicity, 179 

portal hypertension see Portal 
hypertension 
preduodenal, 1365 

pre-liver transplantation assessment, 201, 
202f 

pulsatility, 179 

scanning techniques, 179, 180f 
size, 179 

stenosis, post-transplantation, 209-210, 

21 Of, 220, 220f 

thrombosis, 188-189, 188b, 188f-191f, 201, 
1365-1366, 1366f 
pancreatitis complications, 299 
post-transplantation, 210, 210f, 220, 

220f 

varix, 1366 

Porto-enterostomy, 216 
Portosystemic collaterals (varices), 181, 
183f-185f 

Portosystemic shunts, surgical 
portal hypertension, 185-186 
pre-liver transplantation assessment, 203, 
203f 

Positron emission tomography computed 
tomography (PET-CT) 
cervical cancer, 714 
spleen lymphoma, 331-333 
Positron emission tomography (PET) 
endometrial cancer, 705 
pelvic examination, 688 
thyroid, 867 

Postcoital bleeding (PCB), 688 
Posterior communicating arteries, 1259t 
anatomy, 976 
aneurysm, 982f 

transcranial Doppler ultrasound, 976-977, 
979f, 981f 

Posterior interosseous nerve, 1044 
entrapment, 1052-1053, 1053f 
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Posterior talofibular ligament, 1099 
Posterior urethral valve (PUV), 1422-1425, 
1427f-1428f 

Postmenopausal bleeding, 688 
Postmenopausal ovarian cysts, 666, 666f 
Post-transplant lymphoproliferative disorder 
(PTLD), 160, 213-214, 214f 
in children, 221, 1362 
Pouch of Douglas, 808-810, 810f 
fluid in, 834 
Power, 5 

Power Doppler, 30 

abdominal trauma, 829 

aortic dissection, 789 

carotid arteries, 970 

cerebral arteries, 977 

cervical node vascularity, 932, 934f 

embryo transfer, 737 

knee joint effusion, 1088 

liver 

adenoma, 145 

fibronodular hyperplasia, 142 
haemangiomas, 140 
parameters, 32 

patellar tendinosis, 1086-1087, 1087f 

renal transplantation, 533 

in rheumatological ultrasound, 1126, 1132 

scanners, 32 

soft tissue masses, 1113 

tendinopathy, 1025, 1026f 

thyroid nodules, 872 

transcranial, 979, 981f 

Power-modulated pulse inversion (PIAM), 82 
Precocious puberty, 1478, 1480t 
Pre-epiglottic fat space, 914f 
Pregnancy 

abnormal outcome prediction, 761-762 
bladder pathology in, 568 
cumulative pregnancy rates, 730, 731f 
ectopic see Ectopic pregnancy 
failure, 749-751, 751b 

major criteria, 750, 750f-751f 
minor criteria, 750-751, 751f-752f 
of normal progression, 749 
sonographic diagnosis, 749-751, 750f 
ultrasound prediction, 761-762 
and fibroids, 690, 690f 
first trimester, 740-770 

abnormal outcome prediction, 761-762, 
761f-762f, 761t 

amnion appearance, 745, 745f 
biometry, 748-749 
chorion appearance, 745, 745f 
complications, 751-760 

ectopic implantation see Ectopic 
pregnancy 

haemorrhage, 751-753, 752f 
crown-rump length, 749 
embryo appearance, 744-745, 744f-745f 
embryonic anatomy, 746f, 747b 
embryonic heartbeat, 745 
endometrium thickening, 741, 741f 
failure, 749-751, 749t-750t, 750f-752f 
fetal anomalies, 746-747, 747b, 747f 
gestational trophoblastic disease, 
764-765, 764f-766f, 765t 
gestation sac appearance, 741-743, 
742f-743f, 742t, 744t 
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masses, 762-763 
fibroids, 763, 763f 
ovarian, 762-763, 762f-763f 
mean gestational sac diameter, 748-749 
multiple pregnancy diagnosis, 747-748, 
747f-748f, 747t, 748b 
normal sonographic development, 
741-747, 741t 

retained products of conception, 
765-766, 766f 

transvaginal scanning, 741 
yolk sac appearance, 743-744, 
743f-744f, 744b, 744t 
heterotopic gestation, 753 
hydronephrosis of, 421, 422f 
intrauterine devices in, 708, 708f 
molar, 696, 696f 

pelvi-ureteric dilatation, 428-429, 429f 
pregnancy of unknown location, 760, 

760b, 760f, 761t 

scanning in see Obstetric examination 
Pregnancy of unknown location (PUL), 760, 
760b, 760f, 761t 

Prelaryngeal lymph nodes, 927, 927f 
Premature infants, cerebrovascular 

complications, 1260-1264 
Prepatellar bursar, 1089 
Pretracheal lymph nodes, 927, 927f 
Priapism, 627, 627b 

ischaemic, 627, 627b, 627f 
non-ischaemic, 627, 627b 
Primitive neuroectodermal tumour, prostate 
gland, 589t 

Probes 

endoscopic ultrasound, 351 
intraoperative ultrasound, 274, 274f 
laparoscopic ultrasound, 274, 274f 
small intestine ultrasound, 369 
Profunda femoris vein, 1229-1230 
Progesterone, abnormal vaginal bleeding, 689 
Proliferative vitreoretinopathy, 945-946, 946f 
Pronephros, 1407 
Propagation, 13b 

non-linear, 11-12, 12f 
Prostaglandin El (PGE-1), 623, 626 
Prostate, 572-592 

abscess, 582-584, 582f, 583t, 591 
accessory structures, 574-576 
acquired abnormalities 
benign, 579-585, 588t 
malignant, 585-587 

benign hyperplasia/hypertrophy, 579-581, 
580t, 581f-582f, 583t 
biopsy, 587-591, 589b 

abscess/cyst drainage, 591 
post-prostatectomy bed, 590-591, 591f 
principles, 587-590, 590f 
seminal vesicles/ejaculatory ducts 
injection, 591 
blood flow, 576 
blood supply, 574 
cancer, 585-587, 587b, 587f 
bladder involvement, 568 
cystic, 583-584, 583t, 584f 
follow-up, 587 
locally advanced, 587f 
staging, 585-587 

suspected recurrent tumour, 587, 589f 
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transrectal ultrasound, 566, 585, 586f, 
588t 

in children, 1409, 1415f 
congenital or developmental anomalies, 
579 

cystic cancer, 583-584, 583t, 584f 
cysts, 579, 580f, 583-584, 583t, 585f, 591 
dimensions of normal, 572 
embryology, 572 
gross anatomy of, 572, 573f 
infarction, 589t 
lobes, 573-574 
lymphatic drainage, 574 
metastases, 589t 
nerve supply, 574 
neurovascular bundles, 572 
normal sonographic appearances, 576, 
577f-578f, 578b 
periprostatic fascia, 573 
prostatic capsule, 573 
size, 572, 576 

surface relations of, 572-573 
transrectal ultrasound, 574-576, 575f, 576b, 
577f, 578b, 581, 582f 
-guided intervention, 587-591 
unusual abnormalities, 587, 589f, 589t 
transurethral resection of (TURP), 581, 

582f 

ultrasound technique, 1409, 1415f 
vascularity, 576, 578f 
zonal anatomy of, 573-574 
Prostate, Colorectal, Lung and Ovarian 
Cancer screening trial, 680 
Prostatic capsule, 573 
Prostatic fascia, 573 
Prostatic utricles 
abnormalities, 579 
cysts, 583-584, 583t, 584f-585f 
Prostatitis, 582-583 

abscess, 582-584, 582f, 583t 
acute, 580t, 582 
cavitary, 583t 
chronic, 580t, 583, 583f 
focal, 582f 

granulomatous, 583, 583f 
Proteinuria, Tamm-Horsfall, 1443, 1443f 
Proteus mirabilis, 614 
Proteus spp., 1273, 1448-1449 
Proximal intersection syndrome, 1059 
Proximal tibiofibular joint, 1091 
Prune belly syndrome, 1427-1428 
Pseudoaneurysms, 1237f 
abdominal wall, 807 
haemodialysis access, 1222, 1223f 
hand/wrist, 1066-1067 
hepatic artery, 208-209, 209f 
pancreatitis complications, 299, 301, 301f 
peripheral arterial disease, 1212, 
1213f-1215f 

renal, 481 
splenic artery, 342 
thrombin injection, 301 
Pseudocysts 

meconium, 1389, 1390f 
mesenteric, 1402, 1402f 
pancreas, 298f, 299-300, 1379, 1379f 
spleen, 338, 339f 
Pseudo-gestation sac, 754 


Pseudohermaphrodites 
female, 1475-1476 
male, 1477 

Pseudo-kidney sign, 384, 1390 
Pseudomembranous colitis, 399t, 400-401, 
1399, 1400f 

Pseudomyxoma peritonei, 672-673, 673f 
Pseudomyxoma peritonitis, 812, 813f 
Pseudoprecocious puberty, 1480-1481, 1480f 
Pseudo-tumour, orbital, 960, 961f 
Psoas muscle, 647 

abscess, 821, 823, 823f 
Pubalgia see Athletic groin pain 
Puberty 

central precocious, 1478-1480 
delayed, 1481 
female, 1470 
precocious, 1478, 1480t 
pseudoprecocious, 1480-1481, 1480f 
Pudendal arteries, 621 
Pulled elbow, 1051, 

1052f 

Pulmonary embolus, 1015-1016, 1016b, 1016f 
Pulmonary infarction, 1018 
Pulmonary sequestration, 1018 
Pulmonary thromboembolism (PTE), 1227, 
1242f 

imaging suspected, 1241-1242 
induction of, 1235 
Pulmonary tuberculosis, 1015 
Pulsatile neck masses, 966, 974, 974b, 975f 
Pulsatility index (PI), 1199-1200 
cervical lymph nodes, 932 
renal transplantation, 532-533 
Pulse coding, 25, 25f 
Pulsed wave Doppler, 15, 26-28, 27f 
parameters, 32, 50b 
scanners, 32, 50b 
transcranial, 978-979, 978f 
transducers, 8 

Pulse inversion imaging, 25, 82, 82f, 155-156, 
157f 

Pulse repetition frequency (PRF), 28, 40-41 
high, 46-48, 48f 
Pyelectasis, 1429 
Pyelitis, emphysematous, 460 
Pyelonephritis 
acute 

bacterial, 460, 461f 
in children, 1448-1449, 1450f-1452f 
in children, 1448-1449, 1450f-1452f 
chronic, 462 

in children, 1449, 1452f 
emphysematous, 460 
focal, 507, 507f 

xanthogranulomatous, 463, 465f, 507, 

507b 

Pylorospasm, 1386, 1386f 
Pyocele, 612, 613f 

Pyogenic liver abscess, 123f-126f, 124-126, 
145-146 

Pyomyoma, 690 

Pyomyositis, 1117, 1156, 1156f, 1508 
Pyonephrosis, 438f, 462, 463f 
in children, 1448, 1451f 
pelvi-ureteric dilatation, 442-443 
Pyosalpinx, 682, 682f 

Pyramids, renal, 493, 493f 


Q 


Quadriceps, 1073, 1084, 1085f 
Quadriceps tendon, 1084, 1085f 

tears, 1087-1088, 1087f-1088f, 1088b 

R 


Radial artery, 1043, 1213 
Radial collateral ligament, 1046, 1051 
Radial modulation imaging, 84 
Radial nerve, 1043, 1057 
Radial scars, breast, 992-993 
Radiocapitellar joint, 1043, 1044f 
Radio-frequency ablation (RFA) 

laparoscopic guided, 278-279, 278f 
liver, 171-176, 171b 

clinical results, 174-176, 174t-175t 
complications, 174 
indications, 172-174, 172t 
technique, 171-172, 172f-173f 
renal cell carcinoma, 523-526, 524f-526f, 
526b 

tumours, 858, 858f, 861f 
Radio-isotope scanning, 1227 
Radiotherapy 

affect on submandibular gland, 897 
cervical lymph nodes after, 930 
Radioulnar articulation, 1043 
Ranula, 893, 893f 
diving, 897-898 

Rapidly involuting congenital haemangioma 
(RICH), 1301 

Rayl, 9 

Raynaud's disease, 1214, 1219f 
Real-time compression ultrasound, 1228- 
1229, 1229f 

Rectovesical pouch, 808-809 
Rectum, 405-409 
anatomy, 407 

anorectal tumours, 407-408, 407f 
solitary rectal ulcer syndrome, 409 
ultrasound technique, 405-406 
Rectus abdominis, 798, 1076 
divarication of the, 800, 805f 
Rectus femoris, 1073, 1084 
Reflection, 9, 9f, 9t, 10b 
Reflective augmentation, peripheral veins, 
1231 

Refracting media, 940-941, 941b 
Refraction, 10, 10b, lOf, lOt 
Refractive artefacts, 68-70, 70f-71f 
Renal arteries, 413-414, 414f, 417, 417f, 422 
accessory, 468, 469f 
anatomy, 468-469, 468f 
aneurysm, 482-483, 483b, 483t 
angioplasty, 474 
branches, 469, 469f 
colour flow map, 469 
in kidney disease, 447 
main trunks, Doppler studies, 471-472, 
471f-473f, 477 

occlusion, 448, 477-478, 478f, 546, 547f 
peak systolic velocity, 448-449 
in renal transplantation, 532 
stenosis, 448-449, 448f-449f, 449b, 537-538, 
538f-539f, 546 
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abnormalities 

on greyscale ultrasound studies, 475 
in renal Doppler studies, 475-476 
causes of, 474t 
in children, 477, 1455 
clinical considerations, 473 
Doppler imaging, 467, 476-477 
in renal transplant patients, 477 
screening, 474-475, 474t-475t 
simple greyscale ultrasound studies, 
474 

spectral (duplex) Doppler, 471-472, 
471f-473f 

thrombosis, 533-534, 534f, 1455, 1457f 
view through kidney, 471 f 
waveform, 469-470, 470f 

Renal artery/aorta velocity ratio (RAR), 
448-449 

Renal cell carcinoma, 480, 480f, 487, 490, 492, 
492f, 512-517, 512f 

and acquired cystic kidney disease, 498 
aetiology, 513b 

appearances, 513, 513b, 514f-516f 
asymmetric necrosis, 492, 492f 
in children, 1462 
cryoablation, 523 
differential diagnosis, 511-513 
incidence, 522-523 
microwave therapy, 523 
minimally invasive treatment of, 522-526 
multilocular cystic, 492 
pelvi-ureteric dilatation, 434 
presentation, 513, 513b 
radio-frequency ablation, 523-526, 
524f-526f, 526b 
rare presentations, 513, 517f 
screening, 513 
staging, 513-517, 516t 
survival, 516t 
treatment, 517 

Renal transplantation, 528-549 
acute tubular necrosis, 532 
arterial thrombosis, 533-534, 534f 
arteriovenous fistula, 538-539, 541f 
background, 528-529 
biopsy, 457-458 
ciclosporin toxicity, 536, 539 
combined renal and pancreatic 
transplantation, 541 
complications 

early, 532-536, 536b 
late, 537-541, 540b, 541t 
contraindications, 529 
delayed function, 532-533, 533f, 533t 
development of, 528 
donor supply, 529 
Doppler imaging, 467-468 
haemorrhage, 535 
histocompatibility testing, 529 
hypertension in, 477 

imaging the transplanted kidney, 530-532, 
530f-531f 

immunosuppression, 529-530 
indications, 529 
infection, 536 
malignancy in, 541, 544f 
post-transplant collections, 535-536, 
536f-537f 
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preoperative management, 529 
recurrent disease, 540 
rejection, 532, 539-540, 542, 542f 
renal artery stenosis, 546 
renal masses, 546 
renal vein thrombosis, 478-479 
surgery, 529, 530f 
tacrolimus toxicity, 536, 539 
transplant artery stenosis, 537-538, 537t, 
538f-540f 

ureteric obstruction, 535 
ureteric stenosis, 537 
urinary leak, 535 
urinary tract infection, 540, 543f 
use of micro-bubble contrast agents, 
542-547, 546b 

vascular occlusion, 546, 547f 
venous thrombosis, 534-535, 535f, 535t 
Renal veins, 413-414, 417-418, 417f, 422 
anatomy, 469 
colour flow map, 469 
occlusion, 447-448 

renal cell cancer propagation into, 480 
in renal transplantation, 532 
thrombosis, 447-448, 478-480, 480b, 480f, 
534-535, 535f, 535t, 1454-1455, 
1456f 

acute, 479, 480f 
chronic, 478-479 

Doppler ultrasound appearances, 
479-480 

greyscale ultrasound appearances, 479 
symptoms, 478-479 
Renin, 473 

Reninoma, renal, 512 
Renovascular hypertension, 473-477 
see also Renal arteries, stenosis 
Resistance index (RI), 476 
cervical lymph nodes, 932 
erectile dysfunction, 624-625 
hypoxic ischaemic encephalopathy, 
1266-1269 

pelvi-ureteric dilatation, 441, 441f 
peripheral arterial disease, 1199-1200 
renal arteries, 422 
renal transplantation, 532-533 
in rheumatological ultrasound, 1132-1133 
Resolution, 14-15 
Resonance, 7-8, 8b 

Retained products of conception (RPOC), 696, 
711-712, 712f 

ultrasound diagnosis, 765-766, 766f 
Retention cysts, 583t 
Rete testis, 595, 597-598, 597f-598f 
dilatation, 606-607, 606f 
Retina, 940, 941f, 943-948 

acquired retinoschisis, 947-948, 948f 
detachment, 943-947, 944f 

choroidal detachment, 946, 947f 
conditions mimicking, 947b 
exudative, 946 
non-rhegmatogenous, 946 
posterior vitreous detachment, 944-945, 
945f 

proliferative vitreoretinopathy, 945-946, 
946f 

rhegmatogenous, 944 
traction, 946-947, 947f 
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vitreoretinal traction, 944-945, 

944f-945f 

disciform lesions, 948, 948f 
drusen (hyaline bodies), 948, 948f 
haemorrhage, 952 
tear, 944-945, 945f 
Retinacula-related disorders, wrist, 

1059-1063 

Retinoblastoma, 954-955, 955f 
Retinoschisis, acquired, 947-948, 948f 
Retrograde ejaculation, 580t 
Retrohyaloid haemorrhage, 949-950, 950f 
Retrolental fibroplasia, 955, 955f 
Retromandibular vein, 896f, 898-900 
Retroperitoneal space, 817, 818f 
Retroperitoneum, 816-824 

abscesses, 821, 823, 823f-824f 
anatomy, 816-818, 818f 
cysts, 821, 822f 
fat, 818, 819f 
fibrosis, 823-824, 825f 
fluid collections, 821-823, 822t, 823f-825f 
general appearances, 818-819, 819f 
haematoma, 821-822, 825f 
lymphadenopathy, 819, 819f 
scanning techniques, 818-819 
tumours, 819-821, 819b, 820f-821f, 820t 
Retropharyngeal infection, 1304 
Reverberations, 67-68, 68b, 69f 
simple renal cysts, 487, 487f 
Rhabdoid tumour, 1462 
Rhabdomyosarcomas, 1121 
biliary, 1374f 
bladder, 562 

in children, 1312, 1353, 1353f 
female lower genital tract, 1488, 1489f 
orbital, 962, 962f 
prostate gland, 589t 
spermatic cord, 611 
testicular, 1494 
urinary tract, 1462, 1463f 
vaginal, 716, 717f 
Rheumatoid arthritis, 1040f 
Rheumatoid nodules, 1117, 1131, 1133, 1133f 
Rheumatoid vasculitis, 379t 
Rheumatological disease, 1126-1136 
see also specific diseases 
Rhombencephalon, fetal, 746, 746f 
Ribs 

bifid, 1509f-1510f 

cartilaginous abnormalities, 1353-1354 
dislocation, 1006-1007 
fissures, 1006-1007 
fracture, 1006-1007, 1006f, 1353-1354, 

1354f 

metastases, 1005-1006, 1006f 
normal appearances, 1006-1007, 1007b 
Riedel's lobe, 96, 97f 
Riedel's thyroiditis, 884 

Right ventricular dysfunction, hepatic venous 
waveforms in, 195 
Rokitansky-Aschoff sinuses, 247 
Rokitansky nodule, 674-675 
Rotator cuff 

anatomy, 1030, 1031f 
disease, 1039b 
interval, 1030 
post-repair, 1035-1036 


1-33 


INDEX 


tears 

full thickness, 1033-1035, 1034f-1035f 
partial thickness, 1035, 1035f 
Rubella, 1273 

S 


Sacrococcygeal tumours, 1333, 1334f 
Safety, 51-60 

British Medical Ultrasound Society 
(BMUS) guidelines, 57-58 
cavitation, 54-56 
epidemiology, 56-57 
European Federation of Societies of 

Ultrasound in Medicine and 
Biology (EFSUMB), 58 
Food and Drug Administration (FDA), 51, 
57, 57t 

gas body effects, 54-56 
hazard indication, 54 
regulations and guidelines, 57-59 
thermal effects, 52-54 
World Federation for Ultrasound in 

Medicine and Biology (WFUMB), 
58-59 

Sagittal band, 1055 
rupture, 1062-1063 
Sagittal sinus thrombosis, 982-983 
Saline 

breast implants, 1000 
as a contrast agent, 77, 78f 
Saline infusion hysterography, 700-702, 701f, 
704, 706, 727-728, 727f-728f 
complications, 728 
method, 727-728 
rationale, 727 
Salivary glands 

in children, 1307-1309 
tumours, 1308-1309, 1309f 
see also Parotid glands; Sublingual glands; 
Submandibular gland 
Salmonella colitis, 401 
Sandwich sign, 384, 385f, 817f 
Santorini duct, 286 
Saphenofemoral junction, 1242, 1243f 
Saphenopopliteal junction, 1242 
Sarcoidosis 

cervical lymph nodes in, 934 
liver involvement, 132, 133f, 150 
parotid gland involvement, 904 
prostate gland in, 589t 
spleen in, 343, 343f 
testicular, 604, 604f 
Sarcomas 

abdominal wall, 806 
bony, 1512 

in children, 1362, 1362f 
clear cell, 1462, 1463f 
Ewing's, 111 Of 
Kaposi's, 1121 
prostate gland, 589t 
renal, 521 

retroperitoneal, 820, 820f 
size and shape, 1110 
soft tissue, 1512 
synovial, 1124 
thyroid, 879 


undifferentiated embryonal, 1362, 1362f 
uterine, 695, 695f 
Sartorius, 1073, 1074f 
Scalenus anterior muscle, 911-912 
Scanners 

application set-ups, 33-34 
output power, 34 
patient type/frequency, 33 
controls, 31-32, 32f 
general controls, 32 
keys, 32 

nomenclature, 31-32 
variation in, 31-32 
see also specific types 

Scapholunate ligament (SLL), 1056-1057, 
1063, 1063f 
Scarpa's fascia, 621 

Scattering, 9-10, 10b, lOf, lOt, 61-63, 62f 
Schistosoma haematobium, 464-465, 561-562 
Schistosoma intercalatum, 128 
Schistosoma japonicum, 128 
Schistosoma mansoni, 128, 129f 
Schistosoma mekongi, 128 
Schistosomiasis 
liver, 128, 129f 
renal, 464-465, 1453-1454 
Schizencephaly, 1282, 1282f 
Schwann cells, 1158 

Schwannomas, 1066, 1119, 1119f, 1164-1165, 
1165f 

cervical, 911, 9Ilf 
extra-testicular, 611 
neonatal, 1333 
optic nerve, 962, 963f 
parotid gland, 901-902 
retroperitoneal, 819-820 
tibial nerve, 1105 
Sclera, 938, 940f 

Sclerosing cholangitis, 216, 267, 267f 
Sclerosing lesions, complex, 992-993 
Sclerosing peritonitis, 455, 455f 
Screening 

breast cancer, 999-1000 
endometrial cancer, 705 
renal artery stenosis, 474-475, 474t-475t 
renal cell carcinoma, 513 
Wilms' tumour, 1459-1461 
Scrotal pearl, 611-612, 612f 
Scrotal sac 

anatomy, 594 

normal ultrasound appearance, 595-598 
vascular anatomy, 594-595 
Scrotal wall abnormalities, 618, 618f 
Scrotum 

acute, 612-618, 614t 
paediatric, 1492-1493 
Fournier's gangrene, 618, 618f 
involvement in systemic disease, 1494 
tumours, 1493-1494, 1494f 
Sebaceous cysts, 989, 989f 
Second harmonic imaging, 81-82, 82f 
Secretin-stimulated ultrasound, pancreas, 304 
Seldinger drainage technique, 804f, 816 
Semen analysis, subfertility assessment, 735 
Semimembranosus tendon, 1084, 1086f 
Seminal vesicles, 574 
blood supply of, 574 
in children, 1409, 1415f 


distension, 584, 584f 
injection of contrast, 591 
normal size, 576-578 

normal sonographic appearances, 576-579, 
579f 

ultrasound technique, 1409, 1415f 
Seminiferous tubules, 594 
Seminoma, 599, 608f 
Semitendinosus tendon, 1084, 1086f 
Sentinel node biopsy, 998 
Sepsis, anal, 408, 408f 
Septa of Bertin, 420-421, 420b, 421f 
Septations 

gallbladder, 1375 
ovarian, 664, 665f 
pleural effusion, 1013, 1013f 
in pleural fluid, 1009-1010, lOlOf 
renal cysts, 488 
uterine, 657, 659f 
vagina, 716, 1473 
Seromas, 805 

post-traumatic, 1115 

Serous cystadenocarcinoma, ovarian, 671-672, 
671f 

Serous cystadenoma, 311-312, 311f 
ovarian, 671-672, 671f 
Sertoli cell tumour, 601 

Sertoli-Leydig cell tumours (androblastoma), 
678 

Sesamoid bones, 1096, 1097f, 1106-1107 
Sesamoiditis, 1106-1107 
Sex cord stromal tumours, 677-678, 1487, 
1487f 

Sexual cycle, female, 649, 650f 
Sexual differentiation, 1468 
disorders, 1473-1478, 1478t 
Sexual maturation disorders, 1478-1481, 

1480b 

Shadowing, 64f, 88, 88f 
edge, 65, 66f 

gallstones, 237, 237f-238f 
and increased sound transmission, 64-65, 
64f, 65b 
reflective, 65f 
refractive, 65, 66f 
types of, 64t 

Shaken baby syndrome, 1287 
Shaken impact syndrome, 1330 
Shear waves, 13 

Short saphenous vein, 1228, 1242, 1243f 
bypass grafts, 1207-1208 
Shoulder, 1030-1042 

acromioclavicular joint, 1039-1040, 1040f 
anatomy, 1030, 1031f-1033f 
biceps tendon pathology, 1037-1039, 
1039f-1040f 

bursitis, 1036-1037, 1036f 
calcific tendinitis, 1037, 1037f-1038f 
degeneration, 1033, 1034f 
fracture, 1041, 1041f 
frozen, 1037, 1038f 

full thickness tears, 1033-1035, 1034f-1035f 
glenohumeral joint, 1040-1041, 

1040f-1041f 

impingement, 1032-1033, 1033f, 1036b 
interventional techniques, 1170-1173 
joint injection, 1172-1173, 1174f 
partial thickness tears, 1035, 1035f 
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post rotator cuff repair, 1035-1036 
suprascapular nerve palsy, 1037, 1038f 
technique, 1030-1032 
Sialectasis, juvenile, 1308, 1308f 
Sialoadenitis, 897, 897f, 904, 905b 
Sialolithiasis, 895-897, 1308 
Sialosis, 906 
Sickle cell disease, 453 
Side holes, 813-815 
Sigmoid colon, 394-395 
Sildenafil, 622-623 
Silicone breast implants, 1000 
Silicone granulomas, 1000, lOOOf 
Sinuses, spinal, 1328-1330 
Sinus tarsi syndrome, 1105 
Sipple's syndrome, 929 
Sirolimus, 529-530 
Sister Joseph's nodule, 806 
Sjogren's syndrome, 904, 904f 
Skeletal muscle see Muscle(s) 

Skier's thumb, 1063-1064 
Skin tags, spinal, 1328-1330, 1330f 
Slice thickness, 21, 22f 

Slipped femoral capital epiphysis, 1504-1505, 
1505f 

Small bowel, 369-387 

abnormal ultrasound appearance, 371, 
371b 

adenocarcinoma, 380, 38If 
altered blood flow, 371 
anisakiasis, 379 
blood supply, 371 
carcinoid tumours, 381, 382f 
in children, 1388-1395 

masses, 1394-1395, 1395b 
normal anatomy, 1388 
obstruction, 1388-1391, 1388f, 1391b 
wall thickening, 1392-1394, 1393b 
coeliac disease, 385 
Crohn's disease see Crohn's disease 
duplication cysts, 816 
extramural changes, 371 
gastrointestinal stromal tumours, 381, 383f 
haemorrhage, 1393 
ileocaecitis, 377, 377f 
infections, 376-379 
intussusception, 384, 385f 
ischaemia, 379, 379t 
layers, 370 
lipoma, 381 

liver transplantation complications, 221 
lumen, 371 
lymph nodes, 371 

lymphoma, 381, 382f-383f, 1394-1395, 
1395f 

malrotation, 1389-1390, 1391f 
mesenchymal tumours, 381 
mesenteric lymphadenopathy, 371 
metastases, 381, 384f 
mobility, 371 

normal ultrasound appearance, 370-371, 
370b, 370f 

obstruction, 384, 386f, 1388-1391, 1388f, 
1391b 
peristalsis, 371 
plasticity, 371 

secondary malignancies, 381, 384f 
technique, 369-370, 370b, 370f 
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tuberculosis, 377, 377f-378f 
tumours, 380-381, 384b 
ultrasound-guided biopsy, 385, 386f 
vasculitis, 379-380, 379t, 380f 
wall 

layers, 371-373 
thickness, 371-372 

Soft tissue infections, paediatric, 1508, 1509b 
Soft tissue masses, 1109-1125 
benign, in children, 1350-1352 
biopsy, 1191-1192, 1191b, 1192f 
bursae, 1115-1116 

calcification, 1111-1113, 1113b, 1113f 
cysts, 1115-1116, 1116f (see also Cysts) 
echo pattern, 1111 

ganglion, 1116, 1116f (see also Ganglion 
cysts) 

inflammatory, 1116-1117, 1117f 

location, 1110, 1111b 

malignant, in children, 1353 

margin, 1111, 1111b, 1112f 

paediatric, 1509-1512, 1512f 

pseudo-masses, 1113-1114, 1114f 

size and shape, 1110, llllf 

tissue density/compressibility, 1113, 1113f 

of traumatic origin, 1114-1115, 1115f 

tumour-like, 1113-1117 

tumours, 1117-1124 

extraskeletal osseous, 1124 
fibrous and fibrohistiocytic, 1121-1123 
lipomatous, 1117-1119 
muscle, 1121 

nerve tumours and tumour-like lesions, 
1119-1120 

synovial, 1123-1124 
vascular, 1120-1121 
ultrasound technique, 1109b-1110b, 
1110-1113, lllOf-llllf 
vascular, 1117, 1118f 
vascularity, 1113, 1114f 
see also specific masses 
Soft tissue thermal index (TIS), 54 
Soleus muscle, 1093 
accessory, 1143 

Solid pseudopapillary neoplasm, 312 
Solitary fibrous tumour, prostate gland, 589t 
Sonavist, 140 
Sonazoid, 79t, 80 
Sonication, 77 
Sonoporation, 87 
SonoVue, 79, 79t, 80f, 288, 291f 
Space-occupying lesions, neonatal, 1284 
cysts, 1284 

neoplasms, 1284, 1285f-1287f 
vascular malformations, 1284, 1288f 
Specimen handling, 852-853, 853f 
Speckle, 6-7, 7f, 75 
Spectral broadening, 476 
Spectral (duplex) Doppler 

abdominal aorta atherosclerosis, 788 
aortic dissection, 789 
arteriovenous fistula, 481 
carotid arteries, 967-968 
hepatic vein occlusion, 195 
main renal artery trunks, 471-472 
ovarian lesions, 670 
parameters, 32, 44-49, 50b 
angle correction, 45-46, 46f 
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angle correction errors, 49, 50f 
beam/flow angle, 45-46, 46f 
gain, 46, 47f 

high pulse repetition frequency, 46-48, 
48f 

invert, 46, 47f 
power, 46 

sample volume/gate size, 48, 48f 
scale, 46-48, 48f 
sweep, 49, 49f 
velocity, 49, 50f 
wall filter, 49, 49f 
peripheral veins, 1229, 1230f 
portal vein, 179, 201 
priapism, 627 
renal cell carcinoma, 513 
renal transplantation, 530-532 
scanners, 32, 50b 

Specular interfaces, 61-63, 62f, 64b 
Speed of ultrasound, 4, 4t 
Spermatic cord, 594-595, 596f 
haemangioma, 610, 611 f 
lipoma, 609, 61Of 
liposarcoma, 611 
rhabdomyosarcoma, 611 
spontaneous de-torsion, 617 
torsion, 612-614, 616-617, 617b, 617f, 
1492-1493 

Spermatoceles, 608, 609f 
Sperm granuloma, 608-609, 61Of 
Spigelian hernias, 804, 1081, 1081f 
Spina bifida aperta, 1322 
Spina bifida cystica, 1322 
Spinal arteries, 1320 
Spine 

infant, 1315-1336 
anatomy, 1316-1322 
cervical region, 1320 
coccygeal region, 1318 
conus, 1319-1320 
extraspinal, 1316, 1316f 
intraspinal, 1318-1320, 1318b 
lumbar region, 1318, 1318f-1319f 
sacral region, 1318 
spinal, 1316-1318, 1316f-1318f 
thoracic region, 1319-1320, 
1319f-1321f 

vascular structures, 1320-1322, 
1321f 

contraindications for ultrasound, 1316 
embryology, 1322 

indications for ultrasound, 1316, 1316b 
lipoma, 1322-1324, 1323f 
spinal dysraphism, 1322-1330 
closed, 1322-1330, 1322b 
open, 1322, 1322b 
technique, 1315-1316 
trauma, 1330-1332, 1331f 
tumours, 1332-1334, 1333f-1334f 
ultrasound versus magnetic resonance 
imaging, 1316 

vascular anomalies, 1332, 1332f-1333f 
Splanchnic arteries, 789-792, 790f-791f 
aneurysm, 791-792, 791f 
stenosis, 789-791, 791f 
Spleen, 324-347 

abscess, 338-340, 339f-340f 
accessory, 328-329, 328f-329f 
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in AIDS, 343 

anatomical variants, 1356-1357 
anatomy, 324-325, 325f 
angiosarcoma, 334, 336f 
biopsy, 345 

calcifications, 343, 344f, 344t 
in children, 1356-1357, 1357f, 1357t, 
1377-1381, 1380b 
clefts, 327, 328f 
contrast imaging, 85, 86f 
contusion, 837-838 
cysts, 337-340, 338t, 339f, 341f, 344 
contrast imaging, 86f 
echogenicity, 326-327 
embryology, 324-325 
enlarged see Splenomegaly 
examination technique, 325-326 
focal lesions, 331-343 

differential diagnosis, 343-344 
function, 324 

haemangioma, 334, 336f-337f 
haematoma, 837-838 
hamartoma, 337, 338f 
heterotaxy syndrome: polysplenia and 
asplenia, 330, 331f 
infarction, 340-342, 341f, 342t, 838 
infection, 338-340, 340f 
laceration, 837-838 
lymphangioma, 337, 338f 
lymphatic drainage, 324-325 
lymphoma, 331-334, 334b, 334f 
metastases, 334, 335f 
microstructure, 324-325 
normal ultrasound findings, 326-327, 
326f-328f 
notches, 327 
peliosis, 340 
pseudocysts, 338, 339f 
red/white pulps, 325 
sarcoidosis, 343, 343f 
septation, 327, 328f 
size, 327, 327b 
in children, 1380 
splenosis, 328-329, 330f 
spontaneous rupture, 343, 344f 
trauma, 837-838, 844 

classification, 837-838, 838t 
general considerations, 837 
mechanisms of injury, 837-838, 838f 
ultrasound findings, 838, 839f 
tumours, 331-337 
ultrasound interventions, 345 
vascular lesions, 340-342, 342b 
wandering, 329, 330f, 1356-1357 
Splenectomy, 324 
Splenic artery, 324-325 

aneurysm, 342, 342f, 791-792, 791f 
pseudoaneurysms, 342 
splenic infarction, 340-342 
Splenic humps, 420, 420b, 420f 
Splenic vein, 324-325 
aneurysm, 342 
thrombosis, 342, 343f 
Spleno-gonadal fusion, 603, 603f 
Splenomegaly, 331 
causes of, 332f, 332t 
in children, 1380, 1380t 
in portal hypertension, 182 


Splenorenal fusion, 505-507 
Splenorenal varices, 183, 185f, 342, 343f 
Sportsman's hernia, 804-805 
Spring ligament, 1097, 1097f, 1104 
Squamous cell cancer (SCC) 
bladder, 561-562 

cervical lymph nodes in, 928, 931f 
penile, 628-629 
Staghorn calculi, 430, 431f 
Standing waves, 7-8, 8f 
Staphylococcus aureus 
breast abscess, 989 
cellulitis, 1352 
liver abscess, 124 
olecranon bursitis, 1050 
parotitis, acute, 1307 
renal abscess, 496 
Staphylococcus spp., post-renal 

transplantation, 536 

Starry-sky appearance, 120-121, 121b, 122f 
Steal syndromes, 1222, 1223f 
Steatohepatitis, non-alcoholic (NASH), 
110-111, lllf 

Steatosis 

in children, 1359-1360, 1359f-1360f 
hepatic see Fatty liver 
Stener lesion, 1063-1064, 1064f 
Stensen's duct, 900 

Stents, peripheral arterial disease, 1210 
Step ladder sign, breast implants, 1000, lOOOf 
Sternocleidomastoid tumour, 1511, 1511f 
Sternomastoid tumour of infancy, benign, 
1302, 1303f 

Steroid injections, 1169-1170 

Steroid therapy, 529-530 

Stimulated acoustic emission (SAE), 83-84 

Stomach 

anatomical structure, 352 
bezoar, 1387, 1387f 
cancer, 360, 362f 

early/late diagnosis, 360 
staging, 353-354, 360 
carcinoid tumours, 362, 364f 
in children, 1384-1387, 1388b 
masses, 1386-1387 
obstruction, 1385-1386 
technique and normal anatomy, 
1384-1385 

wall thickening, 1386 
duodenum, 365, 366f 
duplications, 1386-1387, 1387f 
endoscopic ultrasound, 352-353, 360-365 
hypertrophic folds, 362 
lipoma, 362, 363f 
lymphoma, 360, 362f 
peptic ulcer disease, 365 
polyps, 360-362, 363f 
submucosal lesions, 362 
teratomas, 1387 
tumours, 1387, 1388f 
varices, 183, 363-365, 365f-366f 
Stones see Calculi; specific anatomical areas 
Streptococcus milleri , 124 
Streptococcus spp., cellulitis, 1352 
Stress fractures, ankle, 1105-1106 
Stress testing, peripheral arterial disease, 1199 
String of beads sign, pelvic inflammatory 
disease, 682 


Stroke, 965 

haemorrhagic, 982-983 
ischaemic, 982-983 

transcranial Doppler ultrasound, 980-982 
Student's elbow, 1050, 1051f 
Stump appendicitis, 394, 394f 
Subacromial/subdeltoid bursa, 1030, 
1036-1037, 1036f 
effusions, 1040-1041, 1040f 
injection, 1170-1172, 1171f 
Subarachnoid haemorrhage, 982, 982f 
Subclavian artery, 1212-1213 
occlusion, 1217f 
stenosis, 1214 

Subclavian steal syndrome, 1213-1214, 1217f 

Subclavian vein, 1241, 1241f 

Subdural collection, 1273, 1275f 

Subdural effusions, 1273, 1275f 

Subdural haematoma, 1285 

Subdural haemorrhage, 1285 

Subfertility, 731b 

causes of, 730-734, 731f 

congenital uterine abnormalities, 731, 
732f 

endometrial polyps, 733, 733f 
endometriosis, 730 
hydrosalpinges, 733, 733f 
osseous metaplasia of the 

endometrium, 732-733, 732f 
polycystic ovaries/PCOS, 733-734, 
734b, 734f 

uterine fibroids, 731-732, 732b, 732f 
Subharmonic imaging, 84 
Subhepatic collections, 212, 212f 
Sublingual glands, 891-893 
Submandibular duct, 891-893, 892f, 895, 
895f-896f 

obstruction, 896-897, 897f 
Submandibular gland, 894-895 
calculi, 895-897, 896f 
post-radiotherapy changes, 897 
tumours, 897, 898f 

Submandibular lymph nodes, 894, 922-923, 
924f 

Submental lymph nodes, 922, 923f 
Submucosa, gastrointestinal tract, 352 
Subretinal haemorrhage, 956-957 
Subscapularis, 1030, 1031f 
Subureteric transurethral injection (STING) 
procedure, 1422, 1427f 
Sugiura procedure, 186 
Sump drains, 813 
Superficial inguinal ring, 802, 802f 
Superior mesenteric artery (SMA), 94, 773, 
789, 790f 

hepatic artery arising from, 189 
stenosis, 789-791 
Superior oblique muscle, 959-960 
Suppurative lymphadenitis, acute, 1304, 
1305f-1306f 

Suppurative lymph nodes, 929, 929f 
Supraclavicular fossa, 911-912 

normal ultrasound anatomy, 911-912 
pathology, 912 
technique, 911-912 

Supracondylar process, humerus, 1160 
Suprapatellar recess, 1084 
Suprapubic catheterisation, 569 
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Suprascapular nerve palsy, 1037, 1038f 
Supraspinatus, 1030, 1031f-1032f 

barbotage of calcific tendinopathy, 1172, 
1172b, 1172f 
rupture, 1035, 1035f 
Sural nerve, 1095 
Suspensory ligament, 941 
Sutures, cranial see Cranial sutures 
Symphysis pubis, 1081-1082, 1081f 
injection, 1082, 1180-1181 
Synchysis scintillans, 949 
Synchysis senilis, 944-945 
Synechiae, intrauterine, 709, 711f 
Synovial cysts, 1115 

Synovial osteochondromatosis, 1047-1048, 
1048f, 1123, 1123f 
Synovial sarcoma, 1124 
Synovial tumours, 1123-1124 
Synovitis 

ankle, 1104, 1104f, 1107 
elbow, 1047, 1047f 

localised pigmented villonodular, 1066, 
1067f 

ultrasound features of, 1127-1128, 1128b, 
1128f 

Syringomyelia, 1328, 1329f 

Systemic lupus erythematosus, 379t, 453, 453f 

Systolic acceleration time (SAT), 207-208 

T 


Tacrolimus, 529-530, 536, 539 
Takayasu's arteritis, 1214, 1218f 
Tamm-Horsfall proteinuria, 1443, 1443f 
Tamoxifen, 706, 707f 
Tampons, retained, 715-716 
Tapeworm, 129 

Tardus parvus waveform, hepatic artery, 
206-208 

Targeted contrast microbubbles, 86-87 
Tarsal tunnel syndrome, 1105 
Tear, 944-945 
Technique, 1253-1254 
Temporal resolution, 15 
Tendinitis 
biceps, 1039 

calcific, 1037, 1037f-1038f 
Tendinopathy, 1025, 1026f 
calcific, 1172, 1172b, 1172f 
Tendinosis, 1025, 1026f 
ankle, 1107b 

triceps, 1048-1049, 1049f 
Tendons, 1027-1028, 1027f-1028f, 1028b 
disease, ultrasound features of, 1130-1131, 
1131b, 1131f 

neo vascularity, 1025, 1025b 
Tendon sheath injection, 1175-1176, 1177b, 
1178f 

Tennis elbow, 1049, 1050f 
Tennis leg, 1089, 1151, 1151f, 1153, 1153f 
Tenon's capsule, 938 
Tenosynovitis, 1130, 1131f 
Tensor fascia lata, 1072-1074, 1074f 
Teratocarcinoma, testicular, 600, 601f 
Teratomas 
gastric, 1387 
immature ovarian, 676 


mature ovarian, 674-676, 674f-677f, 676b 
mediastinal, 1347, 1347b 
mesenteric, 1402-1403 
ovarian, 674-676, 674f-677f, 676b, 
1487-1488 

retroperitoneal, 819-820 
sacrococcygeal, 1333, 1334f 
testicular, 599-600, 601f 
Teres minor, 1030 
Terjesen technique, 1503 
Terminal ileum, 369-370 
acute, 1393 
in children, 1393 
Terson's syndrome, 950 
Testicular artery, 594-595, 597f 
Testicular veins, 594-595 
Testis 

abscess, 604, 605f 

adrenal rest cells, 603, 603f 

anatomy, 593-595, 594f, 595b, 1490-1491 

appendage torsion, 617, 618f, 1493, 1493f 

artefacts, 595-598 

atrophy, 607, 607f 

carcinoma, 598-599 

choriocarcinoma, 600 

congenital anomalies, 1491-1492 

cystic dysplasia, 607, 1492 

cysts, 605-606, 606f 

embryology, 593-594 

embryonal cell carcinoma, 600 

epidermoid cyst, 602, 603f 

focal lesions 

neoplastic, 598-602, 599t 
non-neoplastic, 602-607 
germ cell tumours, 599-600, 600f-601f, 
1494 

gonadal stromal tumours, 600-601 
haematoma, 604-605, 605f 
inguinal, 1491, 149If 
intra-testicular abnormalities, 598-608 
leukaemia, 602, 602f, 1494 
Leydig cell tumour, 601, 601f, 1494 
lymphoma, 601-602, 602f, 1494 
macrocalcification, 607-608, 608f 
metastases, 602, 602f 
microlithiasis, 607-608, 608b, 608f, 1492, 
1492f 

normal ultrasound appearance, 595-598 
normal variants, 595-598 
orchitis, 604, 605f 
paediatric, 1490-1494, 1494b 
post-biopsy, 605 
postoperative, 605 
prosthesis, 607, 607f 
rhabdomyosarcoma, 1494 
sarcoidosis, 604, 604f 
segmental infarction, 603, 604f 
Sertoli cell tumour, 601 
size, 595, 596f 

spleno-gonadal fusion, 603, 603f 
spontaneous de-torsion, 617 
teratocarcinoma, 600, 601f 
teratoma, 600, 601f 

torsion, 616-617, 617b, 617f, 1492-1493, 
1493f 

congenital, 1491-1492 
trauma, 615-616, 616f, 1493, 1494f 
tumours, 1494, 1494f 


two-tone, 597, 597f 

ultrasound examination technique, 593, 
594f, 1490 

vascular anatomy, 594-595, 595f 
venous infarction, 614-615, 614f 
yolk sac tumour, 600, 600f 
Tethered cord syndrome, 1324-1325, 1325b, 
1325f 

Thalamus, 1257 

Theca lutein cysts, 667, 764, 764f 
Thecoma, ovarian, 678, 679f 
Thelarche, 1470 

isolated premature, 1481, 1481f 
Thermal effects of ultrasound, 52-54 
experimental investigation of heating, 
52-53 

heating mechanisms, 52, 52t 
implications of heating, 53-54 
World Federation for Ultrasound in 

Medicine and Biology (WFUMB), 
58 

Thermal index (TI), 34, 52-54, 54b 
bone-at-focus, 54 

British Medical Ultrasound Society 
(BMUS) guidelines, 57-58 
cranial bone, 54 
hazard indication, 54 
soft tissue, 54 

use of during ultrasound examination, 

54 

Thermography, 1227 
Thigh muscles, 1141, 1143t, 1144f 
Thoracic outlet syndrome, 1213-1214 
Thoracic ultrasound, 1005-1021 
see also specific anatomical areas 
Thoracoscopy, 1013-1014 
Three-dimensional scanning 
artefacts, 75 

bladder cancer, 562-563 
cervical cancer, 714 
endometrial cancer, 704 
eye, 943 

Thrombin injection 

oesophageal varices, 359, 360f 
pseudoaneurysms, 301 
Thrombolysis, 980-982 
Thrombolysis in Brain Ischaemia (TIBI) 
classification, 980 

Thrombosis 

calf vein, 1233, 1233f 
haemodialysis access, 1222 
hepatic artery, 205-207, 206f-207f, 219-220, 
219f 

hepatic veins, 194-195, 196f {see also 
Budd-Chiari syndrome) 
inferior vena cava, 792, 793f 
internal jugular vein, 1304 
jugular veins, 908-909, 910f-911f 
neonatal brain, 1270-1272, 1272f 
portal vein, 188-189, 188b, 188f-191f, 201, 
220, 220f, 1365-1366, 1366f 
renal artery, 533-534, 534f, 1455, 1457f 
in renal cell carcinoma, 513-517 
renal vein, 447-448, 534-535, 535f, 535t, 
1454-1455, 1456f 
sagittal sinus, 982-983 
splenic vein, 342, 343f 
Thymic cysts, 1298-1299 
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Thymus, 884, 914, 916f 
anatomy, 1338, 1338f 
in children, 1338-1339, 1338f, 1340f 
ectopic, 1340f 

Thyroglossal duct cysts, 893, 914-917, 917f 
in children, 1294-1295, 1295f 
Thyroid gland, 867-884 
abscess, 1310, 1310f 
adenoma, 1310-1312, 1312f 
anatomy, 867, 868f 
carcinoma, 1312 
in children, 1309-1312 
cysts, 1309, 1310f 
diffuse disease, 1310 
diffuse parenchymal diseases, 

882-884 
ectopic, 1309 
ectopic tissue, 894, 894f 
embryology, 868-869 
focal lesions, 1310-1312 
goitre see Goitre 
malignant tumours, 873-882 

anaplastic carcinoma, 879-880, 880b, 
880f 

follicular neoplasm, 876-878, 877b, 
877f-878f 

incidentalomas, 881-882 
lymphoma, 880-881, 880b, 880f 
medullary carcinoma, 878-879, 879b, 
879f, 929 

metastases, 881, 881b, 881f 
papillary carcinoma, 873-876, 874f- 
877f, 875b, 928, 929f, 933 
nodular disease, 869-872 

colour and power Doppler, 872 
comet tail sign, 872, 872f 
echogenicity, 870 
elastography, 872 

generic ultrasound features of nodules, 
869 

interval growth of nodule, 872 
investigative strategies for, 881-882 
margins, 870-871 
multiple, 882, 882b 
nodule size, 869 

patterns of calcification, 870, 871f 
shape: tall versus wide, 871-872 
solid/cystic nodules, 870, 870f 
solitary versus multiple nodules, 
869-870, 869f 

ophthalmology, 960-963, 960f 
sarcoma, 879 
scanning technique, 867 
thyroiditis see Thyroiditis 
ultrasound features of adjacent structures 
suggestive of thyroid carcinoma, 
872-873, 873f 
Thyroiditis, 882-884 

acute suppurative, 884, 1310, 1310f 
classification, 882, 883t 
de Quervain's, 883-884, 884f 
general ultrasound appearance, 883 
Hashimoto's, 880, 883, 883f 
Riedel's, 884 
Tibial artery 

calcification, 1207f 
stenosis, 1205f, 1206-1207 
Tibialis anterior, 1097-1098, 1098f 


Tibialis posterior, 1096, 1096f, 1103-1104, 
1103f-1104f 

Tibial nerve 

neuroma, 1105 
posterior, 1096 
schwannoma, 1105 
Tibial veins, 1232 
Tibiofibular joint 

aspiration and injection, 1187 
proximal, 1091 

Tibiofibular ligaments, 1099, 1099f 
Tibionavicular ligament, 1097 
Tibiotalar joint injection, 1187 
Tibiotalar ligament, 1097 
Tight filum terminate syndrome, 1324-1325, 
1325f 

Time gain compensation (TGC), 23 
Time sampling artefacts, 74-75, 74b 
Tinel sign, 1119 

Tip of the iceberg sign, mature teratomas, 
674-675, 675f 

Tissue absorption, heating due to, 52-53 
Tissue characterisation, 12-13, 12f 
TNM staging 

bladder cancer, 563, 563b 
upper gastrointestinal tract cancer, 
353-354, 355t 

Tongue, 893f 

Topical anaesthesia, paediatric hip aspiration, 
1183 

Toxocara canis, 129 
Toxocara catis, 129 
Toxocariasis, 129, 955 
Toxoplasmosis, 1273, 1274f 
Trachea, 914 
Trachelectomy, 697-700 
Traction retinal detachment, 946-947, 947f 
Tranexamic acid, 689 
Transabdominal ultrasound 
bladder, 551, 552f, 562 
cancer, 563 

female pelvis, 645-646, 646b, 649-651, 
650f-651f 

neuroendocrine tumours, 314 
pancreas, 286-288, 287f-291f 
uterus, 686-687 

Transcranial Doppler ultrasound 
anatomy, 976-977 
aneurysms, 982 
applications, 979-983 
arteriovenous malformations, 982 
carotid arteries, 976-983 
examination technique, 977-978 
pulsed, 978, 978f 
suboccipital window, 977 
transorbital window, 977-978 
transtemporal window, 977, 977f-978f 
Transcranial imaging 

British Medical Ultrasound Society 
(BMUS) guidelines, 58 
contrast agents, 85 

see also Transcranial Doppler ultrasound 
Transducers, 8, 16, 32-33, 33f 
aperture control, 21, 21f 
array, 19f, 23b 
curved, 19f, 20 
curvilinear, 22, 22f 
linear, 19f-20f, 20, 42, 43f 


square, 22, 22f 
steered, 20, 20f 
stepped, 20, 20f 
B-mode imaging, 17 
construction, 18, 18b, 18f 
elevation focusing, 21, 22f 
endo-cavity, 19f 
endoscopic ultrasound, 351 
focusing, 21, 21f-22f 
heating, 53 

intraoperative ultrasound, 273-274, 274f 

mechanical, 22-23 

paediatric chest, 1337 

pelvic region, 1069 

3/4D, 21-22, 22f 

Transient ischaemic attacks (TIAs), 965 
Transient synovitis, hip, 1503-1504, 1504f 
Transitional cell carcinoma (TCC) 
bladder, 431, 517, 561-562 
ovarian, 674, 674f 
pelvi-ureteric dilatation, 433-434, 

433f-434f 
renal, 517-521, 519b 
aetiology, 517-518 
other tests, 519-520 
patterns of spread, 520 
staging, 520t 
survival, 520t 
symptoms, 518 
treatment, 520-521 

ultrasound findings, 518-519, 519f-521f 
Transjugular intrahepatic portosystemic 
shunt (TIPS) 

assessment of function, 186-187 
complications, 186 
occlusion, 188 

portal hypertension, 186-188, 186f 
pre-liver transplantation assessment, 

203 

stenosis, 187-188 

Trans-mediastinal artery, 595, 597f 
Transperineal scanning, anal canal, 405-406 
Transrectal ultrasound (TRUS) 

benign prostate hyperplasia/hypertrophy, 
581, 582f 
bladder, 551 
cervical cancer, 714 
-guided intervention, 587-591 
haematospermia, 584-585 
male infertility evaluation, 584 
prostate, 574-576, 575f, 576b, 577f, 578b 
biopsy see Prostate, biopsy 
cancer, 566, 585, 586f, 588t 
indications for, 576b 
TRUS-guided intervention, 587-591 
unusual abnormalities, 587, 589f, 589t 
Transurethral resection of the prostate 
(TURP), 581, 582f 
Transurethral ultrasound, 563-564 
Transvaginal biopsy, 722-723, 722b, 723f-724f 
complications, 723 
method, 722-723 
rationale, 722 

Transvaginal scanning (TV) 
anal canal, 405-406 
bladder, 551, 566 
in early pregnancy, 741 
endometrial cancer, 704, 705f 
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female pelvis, 646, 646b, 651-652, 

651f-652f 
ovarian cancer, 680 
transducer heating, 53 
uterus, 686-687 
Transverse colon, 394-395 
Transverse tibiofibular ligament, 1099 
Transversus abdominis, 1076 
Transvesical ultrasound, 566 
Trauma 

abdominal see Abdominal trauma 

abdominal wall, 801 

anal, 408, 408f 

bladder, 569, 569b 

carotid arteries, 966 

eye, 956-958, 956f-958f, 957b 

foot, 1107 

neonatal brain, 1285-1287 
accidental injury, 1285 
birth-related injury, 1285, 1289f 
non-accidental injury, 1285-1287, 
1289f-1290f 

paediatric, 1505-1508, 1506b 
pelvi-ureteric dilatation, 438 
penile, 629, 629f 

peripheral nerves, 1161-1163, 1162f-1164f, 
1163b 

renal, 838-841, 845, 845f 

in children, 1457-1458, 1457f 
classification, 839-840, 839t 
general considerations, 838-841 
mechanisms of injury, 839-840 
ultrasound findings, 840-841, 840f-841f 
soft tissue masses, 1114-1115 
spinal, 1330-1332, 1331f 
testicular, 615-616, 616f, 1493, 1494f 
Triangle sign, 945-946, 946f 
Triangular fibrocartilage complex (TFC), 1057, 
1063 

Triangular ligaments, liver, 93 
Triceps tendon, 1045 
rupture, 1049, 1049f 
tendinosis, 1048-1049, 1049f 
Tricuspid regurgitation, 195, 197f 
Triggered imaging, 82-84 
Trigger finger, 1060 
Triploidy, 764, 765t 
Trocar drainage technique, 815-816 
Trochanteric bursal injection, 1184, 1185f 
Troisier's sign, 926 
Trousseau's syndrome, 909 
Tubal ring, ectopic pregnancy, 754-755, 
755f-756f 

Tuberculosis 

intestinal, 399-400, 399f, 399t 

liver involvement, 132-133, 133f-134f 

lymphadenitis, 1305-1306 

Mantoux test, 1306 

peritonitis, 812, 813f 

prostate gland, 589t 

pulmonary, 1015 

renal, 463-464, 465b, 465f, 1453-1454 
small intestine, 377, 377f-378f 
Tuberculous lymph nodes, 929 
Tuberous sclerosis, 502, 502b, 502f-503f, 509f 
neonatal brain, 1282, 1283f 
renal manifestations, 1441f 
Tubo-ovarian abscess, 682, 683f 


Tubo-ovarian complex, 682, 683f 
Tubular necrosis, acute, 449, 451, 532, 542 
Tubulo-interstitial disease, 484 
Tumour ablation, 816-824 
ablative energy, 816-818 
brachytherapy, 806f 
cryoablation, 803f, 821 
focused ultrasound, 823-824 

peri-procedural monitoring, 806f-807f 
post-procedural imaging, 807f 
procedural targeting, 806f 
interstitial laser photocoagulation 
microwave, 821-823 
radio-frequency, 804f, 819-821 
techniques, 818-819 
tumour pathophysiology and its 
modification, 808f 

Tumours 

ablation see Tumour ablation 
inferior vena cava obstruction, 793-794, 

793f 

pathophysiology and its modification, 
861-862 

pelvi-ureteric dilatation, 431-434 
see also specific anatomical areas 
Tunica albuginea, 594, 621, 661 
calcification, 611-612, 611f 
cyst, 606 

Tunica vaginalis, 594 

calcification, 611-612, 611f 
cyst, 606 

Turner's syndrome, 1477-1478, 1480f 
Twinning, 747-748, 747f-748f, 747t, 748b 
Twin peak sign, 747-748 
Two-tone testis, 597, 597f 
Typhlitis, 399t, 401, 401f 

u 

UK Collaborative Trial of Ovarian Cancer 
Screening (UKCTOCS), 680 
Ulcerative colitis, 397, 399f, 1399 
versus Crohn's disease, 397b 
differential diagnosis, 399t 
Ulnar artery, 1043, 1213 
Ulnar collateral ligament, 1045, 1046f, 
1063-1064 
injury, 1051, 1051f 
Ulnar nerve, 1045, 1045f, 1057 
compression, 1141-1143 
division, 1045 
entrapment, 1052, 1052f 
Umbilical hernias, 804, 1081 
Umbilical vein varices, 183, 184f-185f 
Uncinate process, 285-286 
United Kingdom Small Aneurysm Trial 
Participants (UKSAT), 775 

Upper limb 

muscles, 1139-1141, 1140t, 1141f-1142f 
vascular anatomy, 1240, 1240f 
venous imaging, 1240-1241 
Urachus 

abnormalities, 1425-1427, 1431f 
bladder, 559, 561f 
cyst, 807 

Ureteric jets, 441, 442f, 551, 553f 
Ureteric JJ stent, 556, 559f 
Ureteritis, 1449-1453 
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Ureteroceles, 436, 499, 558-559, 560f-561f 
in children, 1422, 1424f 
complications, 1422 
ectopic, 559, 1422 
orthoptic, 1422 
prolapsed, 1425f 
sonographic features, 1422 
Ureteropelvic junction obstruction, 1428-1430, 
1432f 

Ureters, 551 
calculi, 430 

in children, 1409, 1413f, 1422-1428 
development, 1407 
duplex, 423, 559 
megaureter, 1422, 1426f 
obstruction, 1430-1433, 1433f 
acute, 484 

in renal transplantation, 535 
stenosis, post-renal transplantation, 537 
ultrasound technique, 1409, 1413f 
Urethra 

cancer, 565-566 
in children, 1422-1428 
development, 1407-1409, 1408f 
normal sonographic appearance, 576 
posterior urethral valve, 1422-1425, 
1427f-1428f 
sphincters, 574, 576 
ultrasound, 629 
Urethrography, 629 
Urinary continence, male, 574 
Urinary leak, renal transplantation, 535 
Urinary tract dilatation, 1433-1434, 1434f 
Urinary tract infection (UTI), 568 
in children, 1446b, 1448-1453, 1453f 
imaging protocols, 1453 
lower, 1449-1453, 1453f 
lower, 1449-1453, 1453f 
post-renal transplantation, 536, 540, 543f 
in pregnancy, 568 
upper, 1448-1449 
Urine 

echogenicity, 556, 557f 
flow 

high, 555 
intermittent, 556 
low, 555-556 
patterns, 555-556 
rates, 555b 

flowmetry, 554-555, 555f 
Urinomas, 815-816, 823 

post-hysterectomy, 697-698 
post-renal transplantation, 535 
Urogenital sinus, 1475-1476, 1479f 
Urolithiasis, 1445-1446, 1446b, 1446f-1448f 
Urology, intraoperative ultrasound, 280, 280f 
Uropathy, obstructive, 1428-1433 
Urothelial cancer see Transitional cell 
carcinoma (TCC) 

Uterine artery, 649, 655, 656f 
embolisation, 693-694 
Uterine bleeding, abnormal see Vaginal 
bleeding, abnormal 
Uterine tubes, 649, 653-654 
Uterine vein, 649 
Uterovesical pouch, 808-809 
Uterus, 687f 

anatomy, 648-649 
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arcuate, 657 

arteriovenous malformation, 695-696, 
696f, 711-712 
bicornuate, 657, 658f-659f 
blood supply, 649 
caesarean section scars, 697, 698f 
in children, 1468-1490 
congenital abnormalities as a cause of 
subfertility, 731, 732f 
developmental anomalies, 1473, 1475f, 
1475t 

didelphys, 657, 658f, 1473, 1477f 
dilatation and curettage, 697, 697f 
dysfunctional uterine bleeding, 688 
in ectopic pregnancy, 753-754 
embryology, 1468-1470 
endometrium, 700-712 
ablation, 697 
anastrozole and, 706 
Asherman's syndrome, 709 
cancer, 702-705, 705b 
aetiology, 702 

diagnosis, 702-705, 702f-705f 
management, 705 
other investigations, 705 
screening, 705 
staging, 704-705, 706f, 706t 
symptoms, 702 
endometritis see Endometritis 
haematometrium and related 

conditions, 709-711, 711f-712f 
hormone replacement therapy and, 
705-706 

hyperplasia, 700, 700b, 700f, 700t 
hysteroscopy, 688 

intrauterine devices, 706-708, 707f- 
709f, 708b 

intrauterine synechiae, 709 
medications and, 705-706 
normal, 699f, 700 
oral contraceptive pill and, 705 
polyps, 693, 700-702, 701f, 702b 
postpartum uterus, 711-712, 712f 
retained products of conception, 696, 
711-712, 712f 
tamoxifen and, 706, 707f 
ultrasound anatomy, 652-653, 653b 
fibroids see Fibroids 
formation, 1470, 1470f 
haemodynamics by Doppler imaging, 655 
inversion, 691 
leiomyosarcoma, 693, 693f 
lipoleiomyomas, 695 
lipoma, 695 
lymphoma, 695 
metastases, 695 
myometrium, 689-700 

adenomyosis see Adenomyosis 
arteriovenous malformation, 695-696, 
696f 

fibroids see Fibroids 
gestational trophoblastic disease, 
696-697, 696f-697f 
lipoma, 695 
lymphoma, 695 

malignant mixed Mullerian tumours, 
695 

metastases, 695 
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sarcoma, 695 
ultrasound anatomy, 652 
normal appearances, 1474f 
of developing, 1473 

normal development, 1469f, 1474f, 1475t 
in normal pregnancy, 753-754 
postoperative, 697-700, 698b 
postpartum, 711-712, 712f 
retroverted, 694-695, 695f 
round ligament of, 660 
sarcoma, 695, 695f 
scanning techniques, 686-688, 688f 
septate, 657, 659f, 731, 732f 
symptoms, 688-689 
tumours, 1488 

ultrasound anatomy, 652-653, 652f-653f 
ultrasound technique, 1471 
variation in age, 649, 649t 
Uterus didelphys, 710, 711f 

v 


VACTERL syndrome, 1422 
Vacuum-assisted biopsy, 1001-1002, lOOlt 
Vagina, 686-688, 715-716, 716b 

abnormal bleeding see Vaginal bleeding, 
abnormal 

adenocarcinoma, 716 
anatomy, 649 
calculi, 716 

clear cell tumours, 1488 
cysts, 716, 716f 

developmental anomalies, 1473, 1475f, 

1475t 
discharge, 1490 

endodermal sinus tumours, 1488 
fibroids, 716 

fluid-filled lesions, 709, 716f 
foreign bodies, 715-716, 1490 
formation, 1470, 1470f 
gas in, 716 
melanomas, 716 
neonatal bleeding, 1490 
normal development, 1469f 
prolapse, 716 

rhabdomyosarcoma, 716, 717f 
septa, 716, 1473 
solid lesions, 716 
symptoms, 688-689 
tumours, 716, 1488 
Vaginal bleeding, abnormal, 688 
causes, 689t 

dysfunctional uterine bleeding, 688-689 
intermenstrual bleeding, 688 
management, 688-689 
postcoital bleeding, 688 
postmenopausal bleeding, 688 
Valleculae, 913, 913f 
Valsalva manoeuvre 

peripheral vein imaging, 1234, 1234f 
venous reflux, 1245 
Varices 

abdominal wall, 805-806 
gastric, 183, 363-365, 365f-366f 
oesophageal, 183, 359, 359f-360f 
orbital, 960 

pancreatico-duodenal, 183 
Volume I • pp 1-770 • Volume II • pp 771-1514 


pericholecystic, 183 
porta hepatis, 183 

portosystemic collaterals, 181, 183f-185f 
splenorenal, 183, 185f, 342, 343f 
umbilical vein, 183, 184f-185f 
Varicoceles, 612, 613f 
paediatric, 1492, 1492f 
and renal cell carcinoma, 513 
Varicose veins, 1117, 1118f, 1246 
Varicosities, tibial vessels, 1105 
Vascular disorders/lesions 
in children, 1299-1302, 1301b 
renal, 447-449, 467-485 
spinal, 1332, 1332f 
Vascular malformations 
buccal region, 906, 907f 
in children, 1301-1302, 1301f, 1351 
paediatric, 1510 

Vascular soft tissue masses, 1117 
Vascular supply see Blood supply 
Vascular tumours, 1120-1121 
intermediate, 1121 
malignant, 1121 
Vasculitis 

renal, 484, 1443 
small bowel, 379-380, 380f 
Vas deferens, 574, 579f 
Vasectomy, 608, 609f 
Vastus intermedius, 1084 
Vastus lateralis, 1084 
Vastus medialis, 1084 
Vein mapping, pre-arterial bypass, 
1248-1249 

Vein of Galen malformations, 1284, 1288f 
Velocity error artefacts, 68-72, 70f, 70t, 71b 
Velocity waveform analysis, 1199-1200, 
1200f-1202f 

Venography, 1227-1228 
Veno-occlusive disease (VOD), 1366-1367 
Venous incompetence, 1242-1248 
anatomy, 1242-1243, 1243f 
chronic venous insufficiency, 1243-1246, 
1243t 

treatments for, 1246-1248 
Venous insufficiency, chronic, 1243-1246 
background, 1243-1244 
classification, 1243, 1243t 
colour duplex examination, 1244 
prevalence, 1243-1244 
ultrasound technique, 1244-1246, 1244b, 
1244f-1246f 

venous reflux investigation, 1244 
Venous malformations 
buccal region, 906, 907f 
in children, 1301, 1301f, 1351 
Venous reflux 

investigation, 1244 
quantifying, 1245, 1247f-1248f 
sources of superficial, 1246, 1248f 
Ventricular index (VI), 1255, 1255t 
Ventricular system, neonatal brain, 1255, 
1255t 

Ventriculitis, 1273-1274 
Venturi effect, 475-476 
Vertebral arteries, 966, 1259t 
anatomy, 967, 976 

indications for ultrasound, 965-966, 966b 
normal and abnormal findings, 975, 976f 



INDEX 


transcranial Doppler ultrasound, 976 
ultrasound technique, 969, 969f 
Vertebral bodies, 1316-1318 
Vertebral steal, 975 

Vesicoureteric reflux (VUR), 1422, 1427f 
in children, 553 
contrast imaging, 85 
Vesico-uterine fistulae, 566 
Vesico-vaginal fistulae, 566 
Vessel sign, 1015, 1016f 
Viral infections 

hepatitis, 120-121, 121t, 122f 
post-liver transplantation, 215-216 
renal, 465b 

see also specific infections 
Virchow's node, 926 
Visceral pleura, 1010-1011 
Vitreoretinal traction, 944-945, 944f-945f 
Vitreoretinopathy, proliferative, 945-946, 946f 
Vitreous, 949-950 

asteroid hyalosis, 949, 949f 
haemorrhage, 950, 950f, 952, 956, 956f 
persistent hyperplastic primary, 949, 949f, 
955 

posterior detachment, 949-950, 949f-950f 
incomplete, 950, 951f 
synchysis scintillans, 949 
Vitreous body, 941 
Vocal cords, 913, 915f 
Voiding cystourethrogram (VCUG) 
megaureter, 1422 
posterior urethral valve, 1425 
Volvulus, midgut, 1390 
Von Gierke's disease, 116 
Von Hippel-Lindau disease, 500-502, 501f, 
502b, 512, 512f, 1378 


w 


Waist sign, pelvic inflammatory disease, 682 
Walker-Warburg syndrome, 1281-1282 
Wall thump filter, 28, 28f 
Warren shunt, 186 
Wartenberg syndrome, 1065 
Warthin's tumour, 901, 901f 
Watershed infarction, 1266, 1269f 
Waveform, 3, 4f 

damped see Damped waveform 
hepatic venous, 194-197, 194f 
parvus tardus see Damped waveform 
velocity analysis, 1199-1200, 1200f-1202f 
Wavefronts, 3 
Wavelength, 3, 4f 
Waves, 3 
shear, 13 
standing, 7-8, 8f 
Wells clinical score, 1236t 
Wharton's duct see Submandibular duct 
White matter, 1320 

Wilms' tumour, 1458-1461, 1458t-1459t, 
1459f-1461f, 1465-1466 
Wilson's disease, 117, 1357-1358 
Wirsung duct, 286 
Wolffian duct, 1469 
development, 1470 

World Federation for Ultrasound in Medicine 
and Biology (WFUMB), 58-59, 
87-88 

Wrist, 1055-1068 

anatomy, 1055-1057 
interventional techniques, 1175-1180 
ligament and fibrocartilage disorders, 
1063-1064, 1063f-1064f 


neuropathies, 1064-1066, 1064f-1065f, 
1066b 

overuse tendinopathies, 1059-1063, 
1060f-1061f 

retinacula-related disorders, 1059-1063 
space-occupying lesions, 1066-1067, 1066f, 
1067b 

technique, 1055-1057 
tendon tears, 1057-1059 

x 


Xanthogranulomatous pyelonephritis, 1453, 
1454f 

Xanthomas, 1103, 1117, 1118f 

Y 


Yersinia enterocolitis, 399t, 401 
Yolk sac, 743-744, 743f-744f, 744b, 744t, 
761-762 

shape, 761-762, 762f 
size, 761, 762f 

tumours see Yolk sac tumours 
Yolk sac tumours 
ovarian, 676 
testicular, 600, 600f 
vaginal, 1488 

z 


Zollinger-Ellison syndrome, 313-314 
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